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SUMMARY
The primary aim of the work described in this thesis was 
to investigate the manufacture of ship hulls. The British 
share of the world shipbuilding market has fallen from over 
50^ to under 5% in the last thirty years, although its output 
in terms of tonnage has remained fairly stable at about one 
million tons per year. The increase in world demand during 
this period has been met by overseas shipyards which use 
production methods akin to those employed in general manufac­
turing industries. However British shipbuilders have tended 
to use more traditional shipbuilding methods, and investment 
in capital plant and improved management techniques has been 
relatively low. It was therefore intended that British 
shipyards should be investigated by a person with knowledge 
of other manufacturing industries.
It became evident at the start of the work that active 
collaboration with shipyards was essential to achieve meaning­
ful results. Nineteen British shipyards were approached and 
asked if they wished to participate. Four initially agreed, 
and a further four companies and two consultant organisations 
joined at a later date. During a preliminary exercise the 
four collaborating companies were visited for periods of one 
or two weeks. Design and production personnel were inter­
viewed, and the areas of ship manufacture which might prove 
most fruitful on investigation were discussed. It was 
decided that a detailed study of ship hull steelwork manu­
facture, its management, and the plant and factory layout 
best suited for it would be most beneficial. These func­
tions would be investigated and recommendations made to 
collaborating shipyards on how they might be improved.
The main feature of the work carried out was the com­
pilation and exploitation of a computer data bank describing 
the design and production features of ship hull components.
It became apparent from initial shipyard discussions that 
difficulties would be met in directly applying production 
analysis techniques of general manufacturing industries in 
shipbuilding. The main reason for this is that there is a 
relative lack of essential production data. In many
xiii
shipyards information does not exist on component process 
routes, component and assembly standard times, and standard 
costs. In the engineering industry in general an analytical 
investigation can start with the assumption that this data 
already exists within the firm. It was thought this prob­
lem would only be overcome by collecting information directly 
from ship steelwork drawings and material lists, and by then 
using this information to generate production data. The 
information would also be most economically stored, manipu­
lated, and analysed using a computer.
Component and assembly information was collected from 
drawings and material lists for selected ships and stored in 
computer data banks. Each data bank described components 
and assemblies comprising a complete ships hull. They em­
ployed descriptive coding systems which were specifically 
designed to indicate the manufacturing features of components 
and assemblies. It was thus possible to overcome the lack 
of production data by directly recording design information. 
In addition efficient computer storage, manipulation, and 
analysis packages were found to be readily available. The 
data banks were directly analysed to quantitatively investi­
gate raw material standardisation. More important, by using 
the data banks it was possible to indirectly derive manufac­
turing methods from design drawings, and to use this to 
publish statistical tables of ship hull components for use 
in management decision making. Further investigations were 
made into work scheduling and shopfloor layout problems in a 
specific shipyard. In these investigations the non­
existence of manufacturing process plans and work content 
estimates was found to be severely restricting. Computer 
programs were therefore written to generate these directly 
from the computer data banks for both component production 
and assembly. The resulting systems are faster in response 
and inherently more consistent than manual planning methods. 
They are accurate enough for scheduling, and they are now 
available for more detailed investigation of schedule work 
balancing and shopfloor layouts.
During the period of research a continuing study was 
made of recent developments in shipbuilding and associated 
topics. Shipbuilding factors which were investigated
xiv
include the shipbuilding market, manufacturing methods and 
shopfloor layouts, and production organisation and informa­
tion systems. The study endorsed the value of the work by 
emphasising the need to improve information systems within 
shipyards, and thus enable production management decisions 
to be made on a quantitative basis. Should further work be 
envisaged in this field a study of group technology flowline 
production systems would be most fruitful. Some work has 
already been attempted in this area and is described in this 
thesis. However this was undertaken without the benefit of 
the work content estimating systems which have now been devel­
oped. These will allow more detailed study of flowline work 
station balancing. A second topic which deserves closer in­
vestigation is the relationship between the design and pro­
duction functions in shipbuilding. It is felt that closer 
co-operation between these would be most beneficial, partic­
ularly in standardisation of material sizes, components, and 
steelwork details.
¥orld shipbuilding is at present passing through a 
phase of deep recession and vast overcapacity. British 
shipbuilding is in a strong position to survive this, partly 
because of government support but mainly because it is better 
equipped than its competitors to build the types of ship now 
required. However shortcomings in shipyard management, par­
ticularly in production information systems must be overcome 
to take advantage of the situation. While British ship­
building had already carried out significant work in this 
area a formal, all embracing, and rigorous approach had not 
been attempted. This work has now introduced many of the 
production analysis techniques employed in general manufac­
turing industry to shipbuilding. It has resulted in the 
application of new computer storage and analysis techniques 
for ship hull steelwork, and in the development of computer 
process planning and estimating systems. It is hoped 
techniques such as these will be accepted by the industry 
as a means to improve shipyard management in general.
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Chapter 1 Introduction
This thesis can be divided into four sections covering 
present aspects of the shipbuilding industry, the.compila­
tion and analysis of a computer data bank for ship hull 
components, the exploitation of a component descriptive 
coding system, and a discussion of the research findings.
The description of present aspects of the shipbuilding 
industry is sub-divided into three chapters. The first of 
these describes the shipbuilding market with particular 
reference to its influence on British shipbuilding, and the 
remaining two chapters describe aspects of ship manufacture 
and ship hull production management respectively.
The compilation and analysis of a computer data bank 
describing ship hull components from six British shipyards 
is described in the next four chapters. The first of these 
describes the development of a component coding system and 
compilation of the computer data bank. This was undertaken 
in collaboration with a fellow researcher who was indepen­
dently investigating assembly information, the responsibility 
for designing separate component and assembly sections of the 
data collection format was divided accordingly. The second 
chapter in this section outlines the concepts of statistical 
analysis and the methods used to exploit the data bank. The 
final two chapters in this section deal with the specific use 
of the data bank to analyse material and component requirements 
respectively. Raw material analyses are based on both actual 
shipyard material orders and requirements estimated from com­
ponent information, and raw,material standardisation is also 
described. Component analysis methods vary from simple card 
sorting to the use of sophisticated statistical analysis com­
puter packages. Standard analysis presentations which high­
light the dependence of production methods on component config­
uration are also described. These allow comparison of dif­
ferent ships.
The section covering the exploitation of the component 
coding system consists of two chapters. Both deal ^^ ith the
determination of component process routes and work content 
estimations. The first describes the automatic specifica­
tion of component process routes and work content estimates 
to enable process and production planning of components at 
the earliest possible stage. The second describes similar 
techniques to enable assembly production data to be defined 
from the shape and size of component parts.
The discussion in the last chapter covers the value of 
the analyses and information techniques employed, and the 
influence the research has had on the shipbuilding industry.
It ends with specific conclusions which have been drawn from 
the research findings.
The practical knowledge of shipbuilding which is essen­
tial in a thesis of this kind was acquired by collaborating 
with a number of shipbuilders, shipbuilding consultants, and 
shipbuilding research associations. The majority of the 
data was collected from Austin and Pickersgill (Sunderland) 
and Ailsa Shipbuilding (Ayrshire). Data was also collected 
from Ryton Marine (V/allsend), Scott Lithgow (Greenock),
Camell Laird (Birkenhead), Swan Hunter (Wallsend), and Garland 
and 1/olff. This industrial collaboration, and the contribu­
tions made by the companies, is described and acknowledged in 
Appendix A.
Chapter 2 The Market for British Shipbuilding •
2.1 The market history
Many manufacturing industries rely on a strong home 
market which is often protected by legislative import 
duties or natural transport costs. However until the 
second world war ship owning and shipbuilding companies 
operated under policies of free world trade based on a 
traditional supply and demand mechanism. This was a 
result of the commonly held belief that if a nation's 
merchant fleet was to remain competitive then it must be 
allowed to buy ships under the most favourable conditions 
available. This has led to the development of two tradi­
tional categories of shipping fleet dependent on their 
country of registration, these are international fleets 
and open fleets. International fleets are those of coun­
tries which both manufacture and import ships, while open 
fleets are those of countries who import ships only. Inter­
national fleets include those of the U.K., Norway, Holland, 
Denmark, and Sweden, Open fleets are those registered in 
'flags of convenience', countries such as Panama and Liberia,
Since 1948 the world policies of free competition have 
been undermined by legislative protection or financial support 
given by various countries to their respective shipbuilding 
industries. Many nations now believe that they can only 
become or remain an economic or strategic world power if they 
are capable of producing ships to control their own imports 
and exports. This has led to the growth of 'closed fleets' 
which are registered in countries which legally require or 
financially induce their shipowners to buy internally; the 
first fleets in this category included those of Japan, Italy, 
Spain, the U.S.A. and to a lesser extent France,
All shipbuilding nations now provide some degree of finan­
cial support for their own industry. It was pointed out in a 
report on British Shipbuilding published in 1972 (l) that U.K. 
subsidies compared favourably with all other countries except 
the U.S.A. The report categorised methods of support into 
five divisions, these were:-
1 Exemption from indirect taxes and import duties.
This was practiced by all countries except Japan 
where there were (and still are) strong links 
between shipbuilding and other industries to 
compensate.
2 Direct subsidies on the price of ships. The
U.S.A. (43^ ;) Italy (9%), U.K. (I0?i), and Prance 
(3^J practiced this in 1972, although the size 
of subsidy has since been reduced in the U.K. 
and Italy under E.E.G. regulations.
3 Offers of credit to shipowners at rates better
than those available commercially. All ship­
building countries offered this with loans
as high as 87^ over 25 years at 6-8fô (U.S.A.)
4 Direct financial support to shipbuilders by cash
grants or‘ subsidised research and development agencies. 
Direct cash support was used to re-equip ship­
yards and was significant in the U.K., Sweden,
Italy, and Japan. It has increased further 
in the U.K. since 1972 with shipyard develop­
ment projects at Caramel Laird, Govan, Harland 
and Woolf, and Sunderland Shipbuilders leading 
to government ownership of all four companies 
after further financial difficulties and finally 
nationalisation of all British Shipbuilding,
5 Other support. This included demolition 
premiums to encourage scrapping of older vessels 
(Japan) tariff protection on imported ships 
(Spain and Japan), and inflation insurance 
(France and U.K.). (Inflation insurance 
became increasingly important in the early 1 9 7 0 ’s 
with many countries suffering astronomical in­
flation rates.)
The report stated (in 1972) that nearly a third of 
the free world demand for new vessels was not open to 
international competition. Since then the world shipping 
slump has accentuated the problem (see section 3 of this 
chapter).
2 .2 . Market Influences
Influences on the U.K. shipbuilding market can be 
divided into those which affect total world needs and- 
those which affect the U.K. market share.
The type and total number of ships required on the 
world market is influenced by a number of factors, fore­
most of which are cargoes to be transported, operating 
conditions, and technical innovations or developments.
Cargoes have changed dramatically since the early 1950*s 
particularly in the quantity of 'bulk' cargoes such as 
crude oil, grain and iron ore which have been moved. The 
availability of cheap Middle Eastern oil until about 1973-4 
encouraged many countries to specialise in building bulk 
transport ships. Larger oil tankers and the facilities 
to produce them were developed initially in Japan, then in 
traditional European shipbuilding centres (¥. Germany, 
Denmark, France, etc.) and finally in the developing ship­
building countries (Greece, S. Korea, Taiwan, etc.) The 
tanker market diminished alarmingly in 1975 with large 
increases in Middle East oil prices, the construction of 
refineries at source and development of North Sea oilfields. 
This has resulted in vast overcapacity. It has been fore­
cast that a similar situation will develop in bulk carrier 
construction, although the collapse and resulting over­
capacity will not be of the same magnitude. Another mar­
ket development partly induced by cargo availability has 
been the growth in numbers of small ships needed to carry 
mixed cargoes to developing nations, although this has been 
equally influenced by the operating conditions avaiable.
The draught of such ships must be such that they can enter 
the shallow harbours found in many of the developing nations, 
and they must also be equipped with deck handling gear to 
compensate for the lack of harbour facilities. Ships in 
the size range 10,000 - 20,000T d.w.t, are found to be the 
optimum at this time; an example of such a ship is the 
SD14, a standard 14,000T d.w.t, cargo vessel which is pro­
duced in large numbers. In addition the increased traffic 
in oil products has led to an increase in the requirement 
for oil-product tankers as demonstrated by a Cammel Laird 
series of ships (STAT 35, STAT 45). Ship operation has
also been influenced by the size of the Suez and Panama 
canals, although Suez has been of less significance since 
its closure in 1968, Economic studies undertaken in the 
past have led to the design of 60,000 - 80,000T d.w.t. 
bulk carriers of specific draught and breadth to pass 
through both canals, and 125,OOOT d.w.t. crude oil carriers 
to pass empty through Suez when bound from Europe to the 
middle east, and full around Cape Horn on the return jour— 
nay. The closure of Suez (1968) changed the circumstances 
under which the studies were made and resulted in an accel­
eration in the development of supertankers.
Technological developments are usually initiated by a 
market need, but when complete they can in return influence 
the market. Typical examples of this process are the de­
sign of Oil-Bulk-Ore (O.B.O.) Roll-on-roll-off (R.O.R.O,), 
and container ships, OBO*s can carry oil, grain or ore 
cargoes and although their initial cost is high because ex­
tra cargo handling and cleansing equipment is required, their 
economic efficiency is increased by the resulting flexibil­
ity. RORO's are vehicular ferries which have been designed 
to carry the increase in international road traffic in the 
last ten to fifteen years, particularly in heavy goods vehi­
cles, They allow vehicles to drive on or off the ship at 
the stem and stern, thus improving speed of 'turn-round* 
over traditional single entry ferries. They are employed 
on short distance routes, such as from the U.K. to Europe 
and Ireland, and Denmark to Scandinavia, Container ships 
have also been developed from the need for an integrated 
shipping-road transport system and use sophisticated equip­
ment to handle containers which may also be transported by 
lorry. Their use has resulted in faster turn-round of 
ships due to easier cargo handling, and the introduction of 
sealed cargo units for import custom purposes. Possible 
future developments in the field of integrated transport 
systems are ship carried canal barges (L*A,S.H,)^, and 
power 'units* comprising of engine room, steering gear, 
and crew facilities which may be coupled to a 'cargo unit* 
in a manner similar to that used for articulated road 
vehicles•
The share of total world market which any particular 
nation can expect to obtain is governed by the price and 
delivery they can offer* The price is dependant on the 
cost of production, the degree of government support which 
is available, and the strength of the currency of the man­
ufacturing country* The recent depreciation of the pound 
relative to other currencies has improved the position of 
U.K. shipbuilders with potential buyers, but the cost of 
labour is high compared with that in emerging shipbuilding 
nations (S, Korea, Portugal, Spain, Taiwan). The delivery 
period for ships at any specific time is dependent on the 
availability of shipbuilding berths. Not only is a short 
delivery period of importance but consistency and accuracy 
of delivery forecast is often considered imperative. This 
results in buyers returning to shipbuilders who have deli­
vered on schedule in the past, and eventually results in 
mutually beneficial trust between specific owners and bui­
lders. In addition several joint companies have been formed 
in the U.K. by the amalgamation of owners and builders in 
attempts to stabilise ship demand and improve deliveries, . 
Examples are London Overseas Freighters and Austin and 
Pickersgill, Maritime Fruit Carriers and Swan Hunter, Court 
Line and Sunderland Shipbuilders. The present overcapacity 
in the world shipbuilding industry has reduced problems of 
both scheduling and poor delivery forecasts. However, 
deliveries may still be delayed by industrial disputes or 
material shortages, knd these have now replaced optimistic 
planning as the main reason for late deliveries. Indus­
trial relations in U.K. shipbuilding have improved recently 
although there will be an inevitable time lag before this 
will be recognised by world markets.
2.3 U.K. performance in the world market
Supply and demand in shipbuilding fluctuates with world 
trade and is a strong indicator of buoyancy and recession.
It can be seen from graphs of ship production since 1948 
(figures 1 and 2) that the world shipbuilding market has 
undergone steady growth with an acceleration in tonnage 
produced occuring in 1963. The U.K. share of the market 
has steadily declined from 50gG by weight in 1948 to about 
in 1974 although the tonnage and number of ships pro-
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duced has remained fairly consistent. Thus, although ship­
building has been a growth market from 1948 until 1974 the 
U.K. has failed to increase its capacity in proportion but has 
been satisfied to produce a consistent quantity of ships in 
well established shipyards. However, the growth in the 
market has been fully exploited by Japan whose world share 
has increased rapidly, particularly between abouti960 and 
1966 (figure 2a. ) The difference in the investment pol­
icies of the two countries is also reflected in the size 
of ships they have produced (figure 2b) Until the early 
1960*8 the U.K. produced ships which were well above the 
average tonnage of those produced in the world and Japan.
From the mid 1960*s the average size of ship built in 
Britain has increased by about 150$^  while Japan's has in­
creased by about 250^ from a near common base* This re­
flects the capital invested by other countries in shipyards 
capable of manufacturing much larger ships, particularly by 
Japan for building large tankers. This investment has in 
turn led to the development of sophisticated management 
systems and advanced technology to increase production 
efficiency. British shipbuilding, however, has followed 
traditional methods of management and manufacture, a policy 
which has been enforced by the lack of capital investment 
and a resistance of shipyard labour to change. Attempts 
have been made recently by a few companies to increase the 
size of ship which they can build. The first British yard 
to follow the world trend was Harland and Woolf (Belfast), 
who were followed by Scott Lithgow (Greenock) and Swan 
Hunter (Wallsend). Scott Lithgow (Greenock) have increased 
their capacity to 250,000T d.w.t. by building ships in two 
halves and welding them together while afloat using an air­
tight coffer-dam.
A closer investigation of the ships in production and 
on order since 1972 shows the effects of the recession in 
the tanker market on the order books of various countries. 
Histograms have been drawn of the total weight and number 
of ships in production, and on order (including those in 
production) in each quarter since 1972 for the world and 
selected countries. Graphs of tonnage of ships in pro­
duction (figure 3a) show a world peak in mid 1975 with the
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Figure 3 Analysis of ship production in the
U.K., Japan, and World in each 
quarter from 1972 to 1976
a) Tonnage in production
b) Number of ships in production
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Japanese tonnage closely following the world trend* The 
number of ships in production in the world (figure 3h) has 
not fallen as quickly as the tonnage indicating that smaller 
ships are being built. Both the tonnage and number of 
ships in production in the U.K. has shown a steady decline 
since 1975. Graphs of the U.K., Japanese, and South 
Korean shares of world tons in production is shown in 
figure 4. The Japanese share of the world market has 
fallen dramatically since a peak in 1975 while the U.K. 
share has remained stable and the South Korean has increased 
steadily, this accounts for the loss making contracts acce­
pted by Japan since mid 1975.
A study of ships on order indicates the immediate pros­
pects of each shipbuilding nation. A graph of the total 
world tonnage on order (figure 5a) shows a peak in mid 1974 
corresponding to the production peak of 1975 and demonstra­
ting the design - production time lag. A steady decline 
in world orders has occured since the second quarter of 
1973 and this is reflected in the order books of individual 
countries (figure 5b). The order book of most countries 
has fallen by about 70^. Graphs of the market share of 
various countries (figure 6a) shows that the U.K. share re­
covered after falling during 1974 to show an overall in­
crease of about while the Japanese share fell from 479^
to 339G
An attempt has been made to indicate capacity utiliza­
tion for each country based on orders and making assumptions 
to determine the capacity available. These assumptions 
are
1 That each shipbuilding nation had orders enough 
to fill their capacity for roughly equal time 
periods at the peak of total world orders (1st 
quarter 1974). This is a fairly reasonable 
assumption as there was a world shortage of berth 
capacity at that time, and fixed price contracts.
Thus each shipbuilder would take care not to over­
fill its order book when ship prices were likely 
to rise and not fall.
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2 That increases in capacity of shipbuilding 
nations have been minimal since the peak.
This is ill-founded in the case of developing 
shipbuilders (i.e. South Korea) but is still 
probably true for established shipbuilders.
Averages were found of three values of tonnage orders 
before, on, and after the peak of world orders for each 
country being considered. This was accepted as a measure 
of the capacity available^ and the ratio of successive qua­
rterly tonnage on order against this measure has ,been 
plotted for each country (figure 6b). The capacity of 
South Korea has most probably increased and can therefore 
be dismissed as failing to comply with assumption 2. The 
rate of decline of capacity utilization is notably greater 
for Japan, West Germany, and Sweden than for the U.K., the 
U.K. is at present operating at about 58^ while Sweden, 
Vest Germany, and Japan have fallen to 42^, 36% and 33% 
respectively. It is also noticeable that the resulting 
order of countries (U.K., Sweden, Vest Germany, Japan) is 
the inverse of the way in which the respective currencies 
have moved in exchange markets.
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Figure 6 Analysis of comparative success of 
the U.K., Japan, South Korea, West 
Germany and Sweden in each quarter- 
year during the work shipbuilding 
recession (1974-1976)
a) percentage of world tonnage on 
order
b) capacity utilisation
(b)
14
Chapter 3 The Shipbuilding Process
3.1 Process Outline
Shipbuilding is in many respects similar to civil 
engineering. It involves the construction of a single 
structure at a fixed location over a long time period.
It employs planning techniques similar to those used in 
civil engineering, including, network planning and critical 
path analysis. It is traditionally a labour intensive 
process and involves three design and two production stages;
( 1 Preliminary design
Design / 2 Design of structural scantlings
) and shell envelope
( 3 Structural detailing and marine
engineering
Production 1 Ship hull production
( 5 Outfitting and engine fitting
Recent changes in marketing practice have led several 
shipyards to specialise in series ship production. Here 
only slight modifications are made to the next ship to be 
produced, thus the design stages are minimal.
Preliminary design is concerned with the operating 
characteristics and size of the ship. It usually involves 
the optimisation of speed, cargo capacity, stowage arrange­
ments, and the deadweight and displacement tonnage. De­
tailed consideration is given to weight and cost of steel- 
mass, outfit equipment, machinery and fuel. Preliminary 
checks are also made on stability criteria, these include 
floodable lengths and freeboard calculations. In the past 
prospective buyers and shipbuilders have liaised closely at 
this stage, as ships have often been designed for specific 
purposes. However with trends towards standard ships 
preliminary design is now frequently undertaken without 
owner-builder collaboration.
The shell envelope is based on hull dimensions which 
are specified in the preliminary design. It is developed 
using monitored performances of previous ships and model
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towing tests to evaluate hydrodynamic properties. Struc­
tural scantling drawings usually show typical design out­
lines and indicate plate thicknesses and section moduli 
to achieve structural strength requirements. The major 
scantling drawing is termed the 'design midship section' 
and shows bulkheads, webbed frames, bracket frames, and 
longitudinal structure positions at midship. This is sent 
to the relevant classification society to be verified, pre­
ferably before structural detailing commences. Ships are 
designed using box girder type algorithms and the strength 
is checked using finite element analysis. The structural 
strength is guaranteed by applying classification society 
rules (LloydSj^) Bureau Veritas) which are based on past 
experience and updated regularly. Several computer 
programs^^) are available to interpret classification 
society rules and find the minimum scantlings required.
Structural detailing involves the application of scan­
tling drawings to the hull shape and results in the design 
of actual (rather than typical) transverse and longitudinal 
sections throughout the ship. Each transverse frame and 
longitudinal feature in the ship is drawn in full. Design 
information is presented to ship hull production departments 
in the form of large plans showing structural features 
(bulkheads, floors, girders, decks, web frames, etc.), or 
as smaller drawings of structural units to be erected at 
berth and sub-assemblies for workshop construction. Marine 
equipment (engines, generators, pumps, piping, etc) is fully 
detailed at this stage, usually by a separate department. 
Collaboration with structural datallers is needed to posi­
tion equipment and design service arrangements (electrical 
supplies, piping), but the separation of the two functions 
often conflicts with 'total design* concepts.
The process of ship hull production can be divided 
into two basic stages;-
a) the production of individual steel components 
from steel plate and rolled or welded steel 
section by means of cutting and forming oper­
ations
16
b) the welding of these components into
progressive assemblies, and the erection 
of final assemblies (called fabrication 
units) at the shipbuilding berth.
The assembly stage may be historically subdivided 
into pre-berth assembly and berth erection, although this 
has become less meaningful with the introduction of 'ship 
factories' having covered berths. Here several fabrica­
tion units are often fitted together to form a 'fabrication 
block' at a suitable site near the berth. Individual 
steel parts and certain above-deck units (super-structure, 
hatchways) may be fitted after launch, although this in­
creases costs considerably. A recent trend in the U.K. 
has been to complete as much assembly work as possible 
under cover. This has the advantage of weather protection 
and easier access for workshop services. This is done on 
covered building berths, or by increasing the size of fab­
rication units assembled in workshops prior to outside 
berth erection. Recent developments in hull manufacture 
are described in detail in the following sections.
Outfitting is concerned with the installation of 
engines, generators, ventilation fans and ducting, oil and 
water piping, cargo handling equipment, steering and con­
trol gear, and all equipment other than basic steelwork.
3.2 Steel component production
The two raw materials of hull production (steel plate 
and rolled steel section), are processed in separate pro­
duction areas. However both undergo similar production 
operations; marshalling, marking out, outline cutting, 
drilling and forming.
Material marshalling ensures that plates and section 
bars are delivered to production areas in the required 
sequence. Steel plates are particularly bulky and can be 
up to 15M X 3M in size and of differing thickness. In 
addition each plate is traditionally ordered to produce 
specific components. They are usually stored flat in 
piles, 30 they must be in the correct sequence for painting 
and cutting to prevent production hold-ups and excess 
handling. Section bar sizes are less variable and standards
17
are often used, so they are more easily marshalled and 
handled,
Raw material is painted before component production. 
Following their withdrawal from the stockyard plates are 
passed through straightening mangles directly to 'treatment' 
plant. In modern shipyards this includes shotblast, steam 
cleaning, spray paint, and heat drying. It is often posi­
tioned on a purpose built conveyor which transports the 
plates to flame cutting machinery. Section bars follow a 
similar path through a second purpose built treatment plant.
Plate mark-out can be carried out manually, or by the 
optical projection of scale slides onto raw material plate 
for 'tracing'. Plate marking has generally been super- 
ceded by optically controlled or numerically controlled 
flame cutters. However, guillotine cut plates are still 
marked,as are section components.
Outline cutting is carried out mechanically or by 
flame burning. Mechanical methods consist of guillotining 
and roll shearing, they are used to produce small brackets 
and lugs from fairly thin plate. Flame cutting is con­
trolled by manual, semi-automatic or fully automatic means. 
Manual cutting methods consist of using hand held torches, 
although electrically driven torch carriers (which follow 
manually placed rods) can be used for straight lines.
Flame cutting machinery can be categorised by the number of 
cutting heads, whether edge preparation facilities are in­
corporated, and the control systems employed. Multi­
cutting head machines are used to cut identical or mirror 
image parts using a single control system, and edge prepar­
ation for welding is achieved using three staggered cutting 
flames. The first flame is perpendicular to the surface 
and cuts the outline shape, the second and third are at 
angles to cut the welding bevels required, this is shown 
diagramatically in figure 7. Control systems consist of 
straight line manually operated flame planing, profile cut­
ting using optical followers, and n.c. profile cutting. 
Cutting of section bars to length is usually carried out 
using hand held flame torches, although flat bar can be 
guillotined.
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Plate forming processes consist of flanging, roll 
bending, and heat line bending. The latter is very seldom 
practiced and involves heating a steel plate locally to 
enable it to be formed, or supported such that its ovn 
weight causes bending. Flanging presses are used to 
flange free edges of small brackets and to swedge or corru­
gate bulkheads. Corrugations are used on non-structural 
thinner bulkheads such as accommodation divisions, and 
swedging is used on major structural bulkheads. Typical 
flanged brackets and bulkheads are shown in figure 8 , 
Presses are also used to form shell plates by performing a 
large number of minor flanging operations resulting in a 
smooth bend. However, the most common method of forming 
shell plates is roll bending, rolling machines consist of 
three rolling mandrels which are usually controlled manu­
ally and can be up to 2000T capaoit^^l Section bar bending 
plant consists of cold frame bending machines for angle and 
bulb flat bar, and roll benders for flat bar when used as 
face-flats. Cold frame bending involves forming bar to 
the required shape using a power ram and two fixed clamps. 
Bars are usually bent in pairs and are placed back to back 
and clamped as shown in figure 9 , long bars are formed by 
repeated bending operations at increments along the length. 
Forming is usually controlled manually and wooden templates 
are used for checking. Operator skill is imperative due 
to 'spring back*, although attempts have been made to con­
trol bending using numerical m e t h o d s C o l d  frame bending 
has now completely replaced the previous costly practice 
of furnacing then manual forming on slabs.
There have been few recent developments in component 
production and the fundamental operations have remained 
much the same since the introduction of welded ships. 
However developments have occurred in the size of machinery 
and in the control systems employed, n.c, flame cutting is 
now used in practically all shipyards. The introduction 
of tenth scale optical control, and then n.c, flame cutting 
has minimised marking operations and changed production 
information formats. It has also led to the adaption of 
flow line principles for most plate-part production to en­
sure that costly plant is fully utilised. Forming and
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drilling operations are still process orientated and not 
treated as part of a production line. Drilling occurs in 
relatively few components and is considered undesirable in 
large plate parts. It is often eliminated in designator 
example by using studs rather than nuts and bolts to secure 
watertight covers,
3,3. Assembly methods
British shipbuilding has a historical tradition which 
has been reflected in its assembly methods and trade de­
marcations until recently. The hulls of the first iron 
and steel ships were constructed in a similar manner to 
those of wooden sailing ships. This involved two stages, 
first the building of a skeleton or frame for the ship and 
then the covering of the frame with a skin or shell of 
plates. These operations were carried out on the building 
berth using rivets to join overlapped components together. 
Voiding has now replaced riveting but new technical problems 
have been introduced, these include improved dimensional 
quality control for abutting joints and the need for elec­
trical supplies and ventilation ducting. It has also 
brought about a radical change in manpower policies, rive­
ting had been a time consuming process requiring more per­
sonnel of a relatively higher skill standard. It became 
apparent that welding services could be supplied more 
easily and cheaply in a workshop environment than on a 
building berth. Also several sections of the ship could 
be manufactured simultaneously by building in workshop 
size units, thus reducing berth cycle time and increasing 
the return on capital investment. In addition workshop 
assembly was not weather dependant and an improvement in 
labour relations was theoretically possible. This was 
particularly important with a trend in the late 1940*s and 
1950*8 towards an era of full employment and the availabi­
lity of more * comfortable * occupations. Increased costs 
were found to result in material handling and quality con­
trol, but with the development of machine and plant tech­
nology these could be justified by higher steel throughput 
and a reduction in the quantity and quality of shipyard 
labour required.
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Berth assembly methods have changed radically from the 
practice of fabricating individual components to the erec­
tion of large pre-fabricated units, using larger berth 
cranes# The largest cranes tend to be of the ’goliath* 
or portal type and are capable of lifting up to 15000 Tonnes 
(Kochums, Sweden). They are usually designed to service 
the berth itself and an area at the head of the berth, 
where workshop fabrication units are joined together into 
’structural blocks* prior to erection (see figure 1 0 ), 
Luffing cranes of smaller capacity are still the most 
widely used, and hammer-head cranes are still found in 
older shipyards. Other changes in berth design include 
the increased use of covered berths and launching methods 
other than slipways. The sheltered working conditions re­
sulting from the use of covered berths have been shown to im-
(7 )prove worker satisfaction and increase productivity, ^
The size of ships constructed on covered berths has in­
creased with facility size, although this has been enhanced 
by ship extrusion/ This consists of ’inching’ a ship 
from a covered area into an open day dock or slipway from 
where it is launched in a conventional way; examples in­
clude Arrundell^^Lnd Cammel Laird^^^ Smaller ships can be 
completed on covered berths and in recently completed faci­
lities at Sunderland Shipbuilders^^) and Austin and 
Pickersgill^^) a full ship plus an additional stern half are 
made together, . On completion and launch of a ship the 
stern half is transferred to the full length berth by 
floating (Sunderland Shipbuilders) or by mechanical means 
(Austin and Pickersgill), Ships are launched using tra­
ditional greased slipways and by floating from a dry dock. 
The floatation method allows the ship to be built horizon­
tally and submits the hull to lower launching stresses, 
although initial shipyard capital costs are considerably 
higher,
Berth facilities at various British shipyards are 
as follows:-
a) Swan Hunter (Vallsend)
Luffing cranes (2 x 180T) building on 
conventional open slipways. Vessel 
capacity 250,000T d.w.t.
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Figure 10 Typical modern berth layout
with structural block fabrication 
area
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b) Harland and Woolf (Belfast)
Goliath cranes (2 x 850T) over open
dry dock. Vessel capacity 350,000T d,w,t. .
c) Sunderland Shipbuilders (Pallion shipyard Sunderland)
Gantry cranes over covered dock to build one 
complete plus a half ship (transferred by 
floating)
Vessel capacity about 35,OOOT d.w.t,
d) Austin and Pickersgill (Sunderland, under construction)
Gantry cranes over slipways to build one 
complete plus a half ship (transferred 
mechanically. Vessel capacity 26,000T d.w.t.
e) Cammel Laird (Birkenhead, under construction)
Gantry cranes over workshops from which the 
ship is extruded onto a slipway, final launch 
from slipway. Vessel capacity 55,OOOÏ d.w.t.
f) Scott Lithgow (Greenock)
Goliath cranes over open conventional slipway.
Ships launched in two halves where necessary 
and joined while floating using watertight 
collar around ship. Vessel capacity 
250,COOT d.w.t. plus.
Increased capital expenditure on berth facilities has 
resulted in the need to build ships faster. This has led 
to the use of specialised assembly areas and production 
lines for the manufacture of structure units and smaller 
assemblies which have features in common. Production times 
are improved by increased use of downhand welding and im­
plementation of more mechanised repetitive tasks. Down- 
hand welding allows higher rates of metal deposition than 
vertical or horizontal, which in turn are faster than over­
head, Repetitive tasks require a smaller range of skills 
and reduce the learning curve involved for any manufacturing 
operation, they can also be mechanised. Attempts to intro­
duce downhand welding and repetitive tasks have taken two 
forms, both of which require minor modifications to the de­
tailed design of the ship hull. The first is the introduc­
tion of flat panel lines and curved panel jigs with one side 
automatic welding or turnover apparatus. The second is 
the introduction of specialised assembly lines for brackets, 
webs, floors, and girders which are designed to be stiffened 
from one side. Attempts to increase the use of downhand 
welding have also been made by introducing large rotating 
jigs which hold previously * assembly-tacked' structure
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units and allow presentation of welds in the downhand 
position.
The use of large flat panel lines has been made pos­
sible by the general increase in size of ships and length­
ening of parallel mid-bodies. They consist of production 
lines where plates are welded together, and stiffening sec­
tion bars are positioned and welded in place (figure 1 1 ), 
Components are mechanically positioned and clamped, and 
electro—slag welding is generally employed although gra­
vity feed fused arc methods are sometimes used to fix 
stiffeners. Panel line layouts depend on the control 
system employed (which can vary from manual component posi­
tioning to computer control), and on whether single or dou­
ble sided welding is employed. Double sided welding re­
quires an operation to turn the panel over but technically 
it is a simpler process and virtually guarantees full depth 
weld penetration. Comparative cost exercises have not 
proved conclusive and companies tend to choose two sided
welding with facilities to turn the panel over. Two sided
( 12 )welding without a turnover has been developed ' ' using
a gas shielded process on the underside and traditional 
submerged arc on the top, but weld lengths of up to only 
680 cm have been achieved and the method has not been 
adopted by shipbuilders.
Large stiffened flat panel production lines have been 
installed at the Kingston shipyard of Scott—Lithgow^^ 
and the VTallsend shipyard of Swan Hunter^^^^ with smaller 
installations at Sunderland Shipbuilders and Cammel Laird, 
Large installations are generally only justified when used 
to supply a number of shipbuilding berths. The Kingston 
panel line is used to supply the Scott-Lithgow shipbuilding 
complex in Greenock and the Wallsend line was planned to 
supply all of the Swan-Hunter Tyneside facilities. Both 
are fed directly by automated plate and section treatment 
lines incorporating shotblast, steam pre-heat (for better 
paint adhesion), paint and drying facilities. Following 
edge preparation (if required) the large steel plates are 
then fed to the panel line, automatically placed and electro- 
slag welded from one side. They are then turned over using 
either cranes (Swan Hunter) or a rotating jig (Scott Lithgow)
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and the second welding operation is carried out at the same 
work station as the previous one* The large flat unstif­
fened panel is then moved on conveyors to a second work 
station where stiffeners are introduced from a single feed 
as the panel is indexed through it. The stiffeners are 
then tack welded in position automatically and finish 
welded by manual or automatic methods at a further work 
station. In general flat panel lines use n.c, or computer 
controlled devices for the positioning of plates and stif­
feners, Production lines for sub-assemblies are often 
arranged to feed extensions to the stiffened panel lines 
where the flat panels are built up into three dimensional 
modules. The modules, often pre-outfitted, are then trans­
ported to the berth where they are then erected onto the 
ship. In shipyards producing smaller vessels the cost ad­
vantages of large flat panel lines are greatly diminished 
by the comparative lack of parallel mid-body. Panel lines 
are technically less advanced, although similar flow line 
principles are adopted. In addition the use of lower 
technology in panel lines results in less specialisation 
and it is possible to mix flat panels with others having 
slight curvature.
Units forward and aft of the parallel midbody and 
having a larger degree of curvature are generally still 
constructed in separate work areas. They are manufactured 
complete from components by building a * frame* and ’shelling* 
it out. Jigs consisting of adjustable vertical stems have 
been devised for the assembly of curved shell panels 
(figure 1 2 ), Pre-rolled steel plates are positioned on 
the jigs which are pre-set to the required curved shell 
shape, Pre—shaped stiffeners, floors, or girders are then 
tack welded in position before the stiffened panel is re­
moved for finish welding. The jigs may be set using n.c, 
methods although technology at this level has yet to be 
applied in Britain,
The use of flow production line principles for the 
manufacture of smaller assemblies such as brackets, webs, 
flows, and girders, has been widely accepted for some time 
in Japan and Scandinavia, and is now becoming more common 
in British shipyards. The Kobe shipyard of I,H,I, Ltd,^^^'
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in Japan is organised using flow lines with pre-specified 
sequencies of assembly, an outline of the production system 
is shown in figure 13# It has been found that this partic­
ular shopfloor layout allows the use of computer production 
control systems, mechanisation, automation, and n*c. tech­
niques. It has also been possible to install online com­
puter systems on the assembly lines resulting in a more 
detailed feedback system and real-time data processing.
The most recent British shipyard development at Austin and 
Pickersgill has minor assembly lines producing similar weld- 
ments which are then fed to work areas designed to cons­
truct specific structural unit types. Downhand welding is 
made possible by carefully defining the ship breakdown into 
structural blocks, fabrication units and minor assembly 
stages. The success of sub-assembly flow line installa­
tions depend on the division of a ship hull into assemblies 
which allow welding without a turnover operation.
Attempts have been made in U.S.S.R. to make this possible 
by using a classification system for assemblies and struc­
tures. Consideration was given to similarity of pro­
duction process standards, adjustment of equipment, and the 
size of shape of assemblies and structures; these determine 
the dimensions of workplaces and the nature of devices ne­
cessary for their production. It appears that attempts 
have been made to apply group technology principles through­
out the hull construction process. However, the resulting 
organization appears to be very similar to that which has 
been evolved historically in other situations, this includes 
specialised workplaces and sub-assembly flow lines.
The provision of large rotating jigs to increase the 
use of downhand welding can only be financially justified 
where long production runs of vessels which are very simi­
lar in design and construction are expected. This was
(1 7 )
the case at the Mitsubishi Chiba works where the Rotas 
system was employed for the construction of V.L.C.C, 
parallel mid-body blocks up to 600 tons. Fore and aft 
sections of the ship were produced by conventional methods 
at a separate location and joined to the midbody in a large 
dry dock after being floated into position. The shipyards 
using the Rotas system were geared to produce V.L.C.C.'s
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rapidly using the large assembly jigs and flowline methods 
made possible by the large flat panels and long production 
runs of similar components and assemblies. The inflexi­
bility of such a system became apparent later, with the 
collapse of the Y.L.C.C. market, resulting in the under 
utilisation of expensive capital equipment.
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Chapter 4 Current management practice
4.1 Fundamental concepts
Planning and control are of fundamental importance to good 
shipyard management. Planning must be based on realistic time 
and cost estimates. It is practiced at three levels; con­
tract planning, operation scheduling, and process planning. 
Control involves the measurement of time and cost expenditure 
relative to plan. Accurate cost estimating and control is 
needed in any industry but in shipbuilding it is particularly 
important to plan and control production to meet a delivery 
date. Failure to ensure this will result in loss of faith in 
the shipbuilder, and will incur price penalties on many con­
tracts,
4.2 Contract planning
Contract planning begins at the tender stage and is con­
cerned with long term berth, machinery and manpower utilisa­
tion, For a particular contract it involves estimating 
labour requirements and steel weight. These are compared 
with yard capacities of manpower and steel throughout to cal­
culate the time required on the berth and the ship cost. The 
results are then fitted to the existing contract plans to find 
the probable delivery date. If the tender is accepted the 
original estimates are refined and the contract plan finalised. 
For estimating purposes ship cost is usually divided into steel 
material costs, outfit material costs, main machinery costs, 
and labour costs and overheads, A typical distribution is 
105 ,^ 30%, 2 5%, and 3 5% of total ship cost respectively, ^ ^
Steel cost is found from steel weight, which in turn is esti­
mated from ship scantlings or from similar previously built 
ships. Labour costs are estimated from historical data of 
manhours needed to build previous ships. They are categor­
ised into as many as sixteen ship trades which fall into gen­
eral categories of steel trades and outfit trades. Steel 
trade labour estimates are again based on steel weights. In 
many cases the ship is divided into structures of differing 
complexity and a factor is applied to the steel weight of each 
to obtain a manhour measure. Outfit material estimates are
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obtained by identifying and costing each item. They are 
fairly accurate and most errors result from factors outside 
the control of the shipbuilder (e.g. inflation).
4,3 Operation scheduling
Shipbuilding follows civil engineering in that a con­
tract might be tendered for and accepted before a detailed 
plan has been devised. Thus operations are often back- 
scheduled from a previously agreed delivery date. Network 
planning techniques are employed to compile a master berth 
programme from a fabrication erection sequence, estimated 
weights of fabrication units, and steel throughput capaci­
ties. Weekly fabrication programmes are then prepared and 
are issued together with forward programmes for information 
purposes. Outfit plans are derived from the fabrication 
plan. Traditionally outfitting follows steelwork in the 
schedule, although pre-outfitting of steelwork before berth 
erection is now common and they are more closely related. 
Computer packages are widely used to derive network plans 
from precedence or sequence input, and then provide near opti­
mum schedules for various machines, trades, departments, etc.
Fabrication unit weight estimates and steel throughput 
capacities are based on analytical calculations and historical 
information respectively. Historical information mainly con­
sists of work measurement data and is used to forecast work 
content values, Shopfloor work measurement has generally 
been confined to welding and fabrication areas and rarely to 
material preparation and component production. However since 
component production areas are closely related to assembly 
areas for work loading and production control their perfor­
mance is often complementary. Steel throughput is the mea­
sure of work used most frequently, it provides a useful 
indicator of all aspects of component, assembly, and hull 
production. However, different sections of any ship are of 
differing structural complexity, hence a tonne of steel in say 
a double bottom may require fewer production manhours than a 
tonne of steel in a fore end. In addition some areas of 
ship are constructed of thinner steel than others, this again 
leads to disproportionate work contents. Most shipyards 
overcome this problem by dividing the ship into regional cost
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centres (or structure groups - fore end, aft end, double 
bottom) all of which have a discrete work content value 
per tonne of steel. These cost centres are also employed 
for steel ordering, batching, loading, and production con­
trol purposes. This method of work content measurement is 
particularly applicable to series ship production (e.g.
Austin and Pickersgill, Cammel Laird) where a depth of his­
torical data is available. However, with varying ship types' 
the work content per tonne of steel is more difficult to de­
termine for each structure group. The cost centre break­
down method also provides the basis for calculations of 
weights of structure blocks and the total ship by empirical 
rules,
Attempts have been made to introduce more accurate 
methods of measuring and estimating work content, these in­
clude calculation of weld length and weld metal deposited, 
and synthetics from time study. Weld length automatically 
caters to some extent for the differing complexity of units.
The weld or joint lengths of an assembly are scaled from 
drawings and used as a direct measure of the work content in­
volved in manufacture. This results in an accurate assess­
ment of the work content of the assembly operations to pro­
duce a unit but only an indication of the work content to 
produce the component parts, A further disadvantage is the 
time and effort involved in physically measuring weld length. 
Weld metal deposited is also a good measure of the work con­
tent of assembly operations. It entails monitoring the 
release of welding rod and material from stores, either on a 
time basis (i.e. relating welding material release to work in 
production) or on a cost basis (i.e. logging weld material 
to the ship cost centre used on). It suffers the same weak­
nesses as weld length measurement when applied to component 
production but does have the advantage that effort involved 
in data collection is vastly reduced. However, if used 
jointly as a work content and incentive scheme it encourages 
the workforce to waste weld material and thus apparently 
'increase* the work content of the assembly unit. Attempts 
to generate tables of synthetic data based on time study of 
shipyard operations include exercises at Doxford and Sunderland
3t-
(now Sunderland Shipbuilders) and Swan Hunter, ( * These 
were concerned almost entirely with welding operations, and 
intended as replacements for existing incentive schemes where 
the incentive element had largely disappeared. They were 
hindered by the reluctance of the workforce to be time 
studied,stemming from a long history of poor industrial 
relations in the industry.
Although many methods of work measurement and estimating 
have been applied or attempted results have been poor. Most 
of the methods are based on an approximate measurement unit, 
and practically all apply to welding assembly operations only. 
In addition the workforce's deep seated suspicion of time 
study and the difficulty of applying it in a high variety 
industry makes the development of a work content estimating 
system using other indices highly justifiable,
4,4 Process planning
Process planning is the preparation of information re­
quired to produce an item or group of items. It is carried 
out prior to scheduling, loading, and subsequent manufacture 
of the item and as such must result in a fully comprehensive 
description of;—
a) the raw material required
b) the finished item
c) the method of manufacture of the item
d) the time required to produce the item
e) the necessary identification 
prevent loss of the item
marks to
The degree of process planning practiced in British ship­
building at present varies considerably from shipyard to ship­
yard. The factors influencing the type and complexity of 
the process planning system a yard uses are also many.
The system selected depends upon;-
a) The type, variety, and size of ship produced.
Many shipyards concentrate on a specific type of vessel 
(Harland and Woolf - Oil tankers) others will tender for and 
produce any ship a potential customer may require (Robb 
Caledon). A third type specialises entirely on one product,
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for example Austin and Pickersgill with the SD14 cargo vessel. 
Thus the planning system to produce a wide range and variety 
of ship must be fairly flexible while that to produce one 
specific model can be rigid and practically self running.
b) The production rate
The productivity measure for a particular ship will not 
only be a factor of the steel weight, but also the value of 
the ship which will be related to its complexity. The pro­
duction rate of ships is determined by the size and type of 
the ship, the facilities of the yard, and the repetition of 
the ship (number to be produced). This in turn directly 
affects the type of process planning system required in the 
shipyard,
c) The communication system
The communication system within a yard is directly 
influenced by the size and physical layout of the site; 
the larger or more complex the site the more formal the com­
munication system required to manage it. The informal com­
munication system in smaller yards often leads to better 
working relationships between departments and supervisory 
management. Therefore in smaller shipyards blocks of work 
may be released onto the shop floor and 'progress chased ', 
in this case the departments will be small and the work in 
progress manageable. In larger yards, however, the loading 
of work onto the shopfloor must be more rigidly organised or 
the amount of work in progress will increase, work will be 
lost, and control will generally deteriorate,
d) The level of technology
The level of technology is not always directly influ­
enced by the size of a shipyard, although generally only 
larger yards have the necessary steel throughput to justify 
the large capital investment required for higher technology. 
Production facilities range from those which are highly flex­
ible and manpower orientated to those which are fairly rigid, 
and machine orientated. The planning function for manpower 
orientated systems is less important than that for systems 
with a capital equipment bias where a good return on the in­
vested capital must be achieved.
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e) The labour force
The level of skill in the workforce influences the deg­
ree of process planning necessary; the more skilled the 
work force the lower the degree of planning required. Most 
shipyards have a long history with a corresponding depth of 
inherent skill, but with the recent shortage of building 
berths new 'total ship factories' have been built which 
employ mainly semi-skilled and newly trained labour. The 
planning systems both for these new shipyards will there­
fore need to be more detailed and explicit than those curre­
ntly in use. The age and history of the yard therefore also 
influences the process planning system which is in operation,
Shopfloor distribution of process route cards and vork- 
bills for components has generally been neglected in ship­
building, The process route of a particular component 
depends on its design features and the manufacturing faci­
lities available. Possible process routes for plate com­
ponents are shown in figure 14, but the most frequent order 
of operations is:-
1 Marshalling
2 Painting
3 Marking out
4 Outline cutting
5 Edge preparing
6 Forming
7 Drilling
Operations 3 and 5 are optional and facility dependant, 
and 5, 6 and 7 are optional and component dependant. Pos­
sible routes for section components are shown in figure 15; 
but the most frequently found are guillotine then roll bend 
(optional-components dependant) for their flat bars uses as 
face flats, and flame cut then cold frame bend (optional- 
component dependant) for other bar cross-sections used as 
panel stiffeners.
From examples of job cards used at the Southdock ship­
yard of Austin and Pickersgill (figure 16) it can be seen 
that route codes are specified very briefly; the codes are:-
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Figure 16 Sample shipyard component production 
job-card. (Austin and Pickersgill)
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MB and SB ....  mangle and shotblast
W ..... optical mark out (projection tower)
P • • • • • flame plane
R • • • • • roll bend
N ..... knuckle
No indication of expected operation or set-up times 
are given and even edge preparation is omitted (components 
XA18 in the examples have chamfered edges). The information 
on the job card comprises of the raw material and size, the 
optical slide number, the component numbers, and the number 
required. It is copied from a master file (figure 17) which 
is kept and used at the Southwick shipyard of the same com­
pany, At Southdock work is loaded to the shopfloor by fab­
rication units, but at Southwick more space is available and 
work is loaded by structure groups comprising of several such 
units. Here multihead flame cutting equipment can be better 
utilised and longer 'production runs' are possible, this is 
highlighted by the increased numbers of components required 
on the master file (figure 17) to cover several units. The 
production of a standard ship enables Austin and Pickersgill 
to have a fairly detailed material and component listing 
system. Swan Hunter are in a similar situation with a 
series of 130,000 ton tankers which they are producing at 
their Valker and Hebburn shipyards. Item lists of steelwork 
to manufacture these vessels are being filed in computer store 
and component information lists (figure 18) can be generated 
quickly and easily.
Component production information supplied to the shop­
floor is on the whole very limited, and many production de­
cisions are made by shopfloor supervision. This is partic­
ularly 30 in the case of individual machine loading, which is 
done with little knowledge of job duration times. This can 
lead to increased work in progress and loss of control,
4,5 Production control
Production control entails receiving information on work 
completed, comparing this with a schedule, and taking corre­
ctive action to bring work back on schedule. Data is re­
corded using a variety of methods including graphs and bar
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charts and is compared with planning data to calculate the 
amount of 'slip' on the contract. Rough guides to progress 
are available weekly and more accurate reports are prepared 
each month. However much of the data collected is related 
to input effort rather than results achieved. Thus infor­
mation on steelwork may be measured in manhours or steel 
weight rather than performance to plan. The indices em­
ployed are often unreliable and likely delays in key dates 
may not be recognised until late in the building cycle, re­
sulting in late and possibly misjudged resource allocation 
decisions. It was found in a s u r v e y t h a t  'Progress is 
generally measured informally, on the basis of work done 
rather than work to be completed, and it is measured in units 
related to processes, e,g, tonnage, joint length, number of 
pipes, rather than planned activities. For accurate con­
trol during the building programme a more detailed system of 
estimating related to the method of building is required.
This can then be used with records for each ship section to 
apply standard volume and cost analysis techniques,
4,6 Production information
There has traditionally been a lack of conventional 
production information presented to shipyard workers when 
compared to general manufacturing industries. This was a 
result of the labour intensity and inherent skill in the in­
dustry, Automated capital equipment needs more detailed 
production planning to achieve high utilization and an ade­
quate return on investment. In addition the skills of the 
mould loft and shopfloor workers allowed them to translate 
design information into complete structures. Output from 
the mould loft consisted almost entirely of data which either 
described components or was used for checking them, Methods 
of manufacture were usually defined by shopfloor supervision. 
Assembly information traditionally consisted of drawings of 
structural surfaces or planes on which the divisions into 
fabrication units for berth erection and component parts 
were marked. Thus the planar parts of a specific block- 
type fabrication unit might occur on several drawings. 
Accurate part—list compilation and breakdown of fabrication
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units into sub-assemblies was neglected.
The introduction of more sophisticated and capital in­
tensive production techniques, particularly in flame cutting, 
has resulted in an increase in process planning and produc­
tion information made available. This has been manifested 
in advances in nesting technology, tenth scale drawing, and 
N,C, tape generation. However the practice of issuing job 
cards has not yet been fully introduced, and operations other 
than flame cutting are still often defined and carried out 
using assembly drawings. The use of assembly flow systems 
has resulted in the definition of detailed sub—assembly 
breakdowns of ship hulls, particularly in shipyards which 
have been modernised (Harland and VToolf, Cammel Laird),
The quantity of production information in a company is 
proportional to the degree of process planning which takes 
place. This in turn depends on factors which are inherent 
in that company such as the type and size of ship produced, 
the production rate, the management system and communica­
tions used, the labour force employed, and the level of tech­
nology available. The collaborating shipyards varied widely 
in these aspects, and thus the amount of process planning and 
production information available differed between the yards.
Component information required to manufacture the hull 
of a ship can be divided into that which identifies and that 
which describes.
Component identification is concerned with the raw 
material source of a component, and where it is assembled 
into the hull. The use of a meaningful numbering system is 
of particular importance in specifying the raw material, the 
component, and the structural block, unit, or sub-assembly 
into which the component is assembled. Examples of numbering 
systems are shown in figure 19, The Austin and Pickersgill 
system indicates the structure group of the component for 
material ordering and network planning procedures. However 
this is subdivided into fabrication units for assembly, so 
while ideal for long component production runs the system is 
weak when applied to assembly. The absence of a raw material 
number also generates the need for a separate raw material data 
file with a cross reference system as shown in figure 17,
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The British Ship Research Association (B.S.R.A.) has 
devised a component numbering system which they hope will 
become widely accepted in the industry. The system con­
sists of a higher level containing the ship number, zone 
number, and structure group number (within zone), and a 
lower level which has two alternative formats. The first 
indicates control groups and is intended for use in yards 
which build vessels having a small number of similar com­
ponents and assemblies (i,e. cargo liners). The second 
indicates assemblies and is for tanker and bulk carrier 
builders. The numbering system has been fully documented
(21)and a technical memorandum circulated to all member com­
panies, examples of the use of the coding system are shown 
in figure 20, Although the numbering systems of Scott 
Lithgow and Harland and \/oolf are based on that of B,S,R,A. 
the cost and inconvenience of changing a system make further 
applications unlikely. The advantages of the B,S,R,A, num­
bering system alone will not justify the changeover cost, 
but if offered as part of a package covering all aspects of 
shipyard management (data retrieval, design, material plan­
ning, production planning and control, etc.) it may become 
more acceptable.
Various sections of identification numbers are not re­
quired at all stages of manufacture ; for example the raw 
material number is only needed until components are cut, 
component numbers are then substituted. In many companies 
(Swan Hunter, Cammel Laird) the raw material number forms 
part of the component number. Although this erases the 
need for cross referencing it tends to lengthen the number, 
thus increasing component marking time, making it difficult 
to mark small components, and increasing the likelihood of 
errors. Many shipyards also mark components with a brief 
verbal description, particularly in the case of frames, 
transverses, shell plates, and deck plates. For example 
frame section parts may be marked with the frame number 
(f,M, 6 7) or shell plates with the approximate frame location 
and strake number (SHL.PL, B.STR, 67—71) The frame number 
indicates the position of the component from the stern post 
(rudder)^ and the strake number indicates the lateral posi­
h5
tion of a shell plate from the keel. In one small shipyard 
visited assembly workshops rely almost entirely on written 
verbal descriptions with only the structure unit number to 
enable parts to be marshalled prior to assembly.
The fullest description of a component or assembly is 
a detailed explanation of the shape, size, metallurgical 
characteristics, and surface finish. From these the method 
of manufacture is defined to complete the information neces­
sary to produce it. The design (or Naval Architecture) 
drawing office produce the overall design, hull shape (as 
lines plans), and steelwork scantling drawings. These are 
detailed into fabrication unit assembly drawings for shop­
floor use by the steelwork drawing office. The steelwork 
drawing office is also responsible for generating raw mat­
erial data to manufacture components, this involves ’nesting* 
components into conveniently sized plates or sections (figure 
21) and listing the generated raw material (figure 22),
The overall shape and structure of the ship is translated 
into a data form suitable for component production by the 
'mould loft * However with the development of new data pre­
sentation formats the mould loft has tended to become com­
bined with the steelwork drawing office. The methods of 
presenting information to the shopfloor are as follows :-
a) Full Scale Lofting
Cross-sections of the ship are drawn full scale on an 
area of floor allowing co-ordinates to be 'lifted * or full 
scale card or plywood patterns made. This is the traditional 
way of supplying production information but it requires a 
large area of floorspace for the full scale drawing (or 
* screeve * board) and the patterns are cumbersome, wasteful, 
and difficult to store for series ships. Adjustable tem­
plates are available but they may only be used in certain 
circumstances and are more cumbersome than conventional 
patterns. Full scale lofting is still used in smaller ship­
yards (Ailsa - Troon) but very infrequently,
b) Tenth scale lofting
One-tenth scale drawings are prepared from lines plans
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and scantling drawings, and are used with tenth—scale marking 
and cutting machinery. Optical marking involves projecting 
scale slides onto raw material plate and tracing the out­
lines. It is mainly used for straight edged components with 
no cut-outs which may be easily flame planned with low cost 
plant. Tenth scale cutters use optical followers to trace 
the drawings and one or more flame cutting heads to cut com­
ponents. It is used for more intricate sha.pes (curved edges 
and cutouts) but still requires constant supervision to shut 
off, reposition, and re-ignite cutting heads for new compon­
ents or cutouts. The advantages of these methods in data 
storage for series ship production is fairly obvious.
c) Numerical control (N.C.) lofting
This is now used extensively for the production of plate 
components, either by using punched paper or magnetic tape. 
Tapes may be prepared manually from lines and scantling 
drawings or automatically from a data bank held in computer 
store. It is more accurate than tenth scale lofting.and 
allows subroutines to be used for standard lightening holes 
and notches.
Obviously very simple parts do not require this degree 
of description, for example short sectional stiffeners may 
be verbally described to the fullest detail (flat bar, 12.5 
mmx 250 mmx 3000 mm, square ends). Other guillotined plate 
parts, brackets and small straight sided components, may only 
require a sketch or drawing. In addition components which 
have been N.C. or tenth scale lofted will probably not need 
an additional drawing.
Assembly stage drawings, other than for unit or block 
assemblies, are at an early stage of development as sub- 
assembly production lines similar to those used in general 
engineering have been little used in shipbuilding. Harland 
and \foolf have developed a fairly extensive system of sub- 
assembly drawings and lists for the midship sections of their 
very large crude oil carriers (V.L.C.C.*s) and other ship­
building companies, particularly those building new 'ship 
factories* are further developing the use of assembly pro­
duction lines.
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Chapter 5 Computer data banks
5.1 Data handling and storage in shipyards
Data handling problems encountered in the management of 
ship manufacture are likely to increase in future with att­
empts to increase steel workshop production rates and thus 
decrease berth cycle times. In one case (Chapter 8.2) it 
is intended to reduce the berth cycle time of a 14000T cargo 
vessel, consisting of about 13000 different c o m p o n e n t s from 
twenty weeks to six. Many shipyards attempting to increase 
berth utilization are constrained by the physical area avail­
able for component production and unit assembly. Thus the 
total output from steel workshops must be increased while 
keeping the work in progress at about its present level to 
allow control of the total manufacturing process to be main­
tained. This implies a decrease in the amount of time- 
float allowed for individual operations and an increase in 
the quality of production planning and control. The data 
banks and feedback information procedure required to main­
tain these systems will correspondingly be more complex and 
difficult to generate and update.
Information systems will also need to be more elaborate 
for the proposed change from structure-unit to structure- 
group component work packaging (where a structure-group will 
contain several fabrication units). This will result in the 
further use of more complex production planning and control 
procedures to enable the components to be marshalled prior to 
assembly. A further complication will be the introduction of 
a complex mix of ship standard parts, structure zone standard 
parts, and 'special* components. The introduction of tree- 
structure assembly techniques will also result in complica­
tions caused by the greater intensity of production planning 
required.
The problems of data handling may be lessened by using a 
central computer held information bank to store and update pro­
duction data, and manipulate it into forms suitable for presen­
tation to the shop floor. Information in the data bank may be 
related to, or defined from a Computer Aided Design (C.A.D.) 
file, as is proposed in the HICASS and FORAN systems described 
in section 5 of this chapter. Alternatively the information
included may be defined from existing design and p r o d u c t i o n  data
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Two types of data format may be considered
. A product breakdown method^listing stages of
assembly and all of the components and sub-assemblies 
which need to be fed into each stage.
• A 'where used* file which lists lower level manu­
factured items (components, sub-assemblies) and 
the higher levels into which they are assembled.
and Information to be stored in any data bank will 
comprise of that which:-
• adequately identifies the component or assembly 
to allow it to be produced and marshalled to the 
next production stage.
• adequately describes the component or assembly 
with reference to the production method neces­
sary to manufacture it.
This information may be used to derive production 
methods and estimate production times which in turn allow 
more precise production planning and control procedures to be 
used. Information which is required by various departments 
may also be listed using automatic data retrieval methods.
In addition the information which is relevant to the depart­
ment concerned may be automatically selected and directly 
listed, thus simplifying shopfloor presentation.
This chapter describes the development of methods of col­
lecting information and their use in the compilation of a com­
puter data bank. Sources of production and management infor­
mation in the industry were located, a classification and cod­
ing system for components was designed and two related formats 
for collecting production information were developed. Using 
the coding system and data collection formats data banks des­
cribing the hulls of different types and sizes of ship were 
compiled. The 'where used* system of data collection was 
used; each individual steel component found was allocated 
one data record and the assembly stages at which it was requ­
ired was fully documented. In practice only the next stage 
of assembly needed to be noted as the component concerned was 
'lost* following this operation (as far as the shopfloor was 
concerned). However, detailed information of subsequent ass­
emblies was also noted for statistical analysis purposes.
50
Simultaneously a record was kept of the complete product break­
down from ship through unit and sub assembly to the initial ass­
embly stage, these were noted as they were established. A 
third data collection format was developed for recording route 
information from operation job cards.
5.2 Development of data storage formats
The data storage formats which have been devised allow 
the use of standard eighty column computer cards. The infor­
mation each is concerned with is
. descriptive component and raw. material data;
. descriptive component and assembly data;
• component manufacturing (process route) 
data respectively.
The first data collection format allows accurate descrip­
tion of the steel components which comprise a ship hull. It 
enables the recording of information which is necessary to man­
ufacture components from specified raw material and to marshal 
them into work packages as required. The information is divi­
ded into that which identifies and describes raw material, that 
which identifies and describes components, and that which iden­
tifies the immediate destination of components. However as 
most shipyards combine identification of the three aspects in 
a single number (see Chapter 4.4), the data format consists of 
an overall identification section, and sections for material 
description and component description. The combining of iden­
tification numbers results from the traditional practice of ar­
ranging work packages by structural units for component produc­
tion as well as assembly purposes (see chapter 4.4). Thus a 
pre-specified block of the raw material number and the compon­
ent number for all pieces forming a structural unit consists of 
a unique number identifiable with that unit. In addition the 
raw material number of a plate is often used as a prefix for 
numbers of all components derived from that plate. Following 
an investigation of the part and material numbering systems em­
ployed in the collaborating shipyards during short familiariza­
tion periods, it was realised that the format of the data record 
section concerned with identification needs to vary between dif­
ferent companies. However, to allow identical data handling 
techniques to be used to analyse all information collected 
identical blocks of digits are allocated to cater for identi-
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fication and description in the data collection format for all 
components. Thus the information format within the identifi­
cation data block varies between shipyards, but the description 
data block is identically formatted for all companies and allows 
consistent analysis methods to be employed.
Raw material description is closely related to component 
description particularly in the case of bar cross-section shape 
and size, plate thickness^and material type. Additional in­
formation describing bar material consists of length, numbers 
of pieces, and in certain cases an additional cross-section di­
mension where this cannot be fully included in the component 
description. Additional information for plate pieces consists 
of the numbers of pieces required and the length and width of 
each piece.
Component description consists of a code number derived 
using the descriptive classification system which has been de­
veloped specifically for the purposes of data collection. The 
code number describes in numerical terms the shape and size of 
the component, and is designed with particular reference to the 
production processes necessary to manufacture it. The develop­
ment of the coding system is described in detail in section 3 of 
this chapter. Absolute values of component dimensions specified 
by the coding system are included in the format, and the number 
of components required in the structural unit and a brief verbal 
description of the part are noted for reference and checking pur­
poses. The general data collection format employed during fam­
iliarisation exercises at Austin and Pickersgill, Ailsa Ship­
building, Ryton Marine, and Scott Lithgow is shown in figure 23, 
attempts were made to use this format in all collaborating com­
panies. Information describing components from double bottom 
units of ships under construction in each of the collaborating 
shipyards was collected using the format. Double bottom sam­
ples were chosen as being most representative of those available 
throughout the ships hull. The final data collection formats 
used in two of the collaborating companies are shown in figure 24.
The second data collection format has been developed from 
the first following initial data collection exercises. Here 
it was shown that the classification size ranges are well enough 
designed to give a good indication of individual component size, 
(see Chapter 5.3) Although it has only been shown that the de-
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scriptive code size ranges are suitable for use in shipyards 
of a similar size to those participating in the research, ship­
yard machinery for the manufacture of parts from steel plates 
and sections does not vary a great deal in larger shipyards.
In addition the raw material steel plates ordered from steel 
suppliers by larger shipyards are limited by the same steel 
rolling mill sizes which apply to smaller companies. Thus 
while structural unit size increases component sizes do not 
increase to a great extent. Thus collection of absolute val­
ues of component sizes is superfluous and capacity is released 
in the first data format to include assembly information.
The assembly data collection format shown in figure 25 
is still based on component information, and the initial sec­
tion of the data record closely follows that described earlier. 
However, the absolute values of all sizes except thickness are 
replaced by sequential assembly part numbers describing the 
a s s e m b l y  route of the component. This includes up to four pro­
duction stages including the erection of the structure unit at 
the berth; three sub-assembly stages are allowed in the data 
record and the fourth stage is the unit assembly (which is indi­
cated in the part number). (A survey showed that the maximum 
number of assembly stages a component passed through before 
being completely welded into position (i.e. loosing its 
'identity*) is three, with most components passing through only 
one or two stages.) In addition the weld length required to 
be completed at each assembly stage is recorded as a direct mea­
sure of the work content involved at that workstation.
The third data collection format has been devised for use 
in shipyards where process information is freely available in 
the form of job cards. The format is shown in figure 26 and 
covers
. The shipyard code number
. The steel order number
• The unit used on
. The drawing number
. The tape or slide used on (for N.C. cutting
or optical marking)
• The number of components required
. The production operations in their correct
sequence (see below for production code)
. The total number of components per piece of
raw material
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m a n u f a c t u r i n g  i n f o r m a t i o n  ( p r o c e s s  
r o u t e s )
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A numeric production process code has been devised to 
describe the operations which a component undergoes as 
follows
primary operations 
marking operations
Code Operation
02 'shotblast only’ 
stated on job card
03 shotblast and point
10 handwork
12 optical work
20 flame plane
22 ’Monopal’ (profile) 
cut
30 Guillotine
32 Knuckle
34 Swedge
40 roll
flame cutting 
operations
mechanical
presswork
mechanical 
rolling work
However as previously indicated in Chapter 4 process 
information is not generally well documented in shipbuilding. 
Of the collaborating companies only Austin and Pickersgill 
operate a job card system and use of this data format was 
limited to collection of information from this source.
5*3 The Component descriptive coding system
5.3.1 Existing coding systems
Component classification and coding requires a descrip­
tion of each component, traditionally a drawing or precise 
alpha-numeric description. These exist in any industrial 
situation and are a pre-requisite to any manufacturing oper­
ations. It therefore follows that a component analysis 
following classification and coding may be applied in any 
manufacturing situation. Components may be coded by shape, 
by production features, or by a combination of the two depen­
ding on the availability of a suitable classification system 
and the organization concerned. An investigation was made 
of previous classification and coding systems which might 
prove useful for directly coding ship structural steelwork, 
or for designing a coding system suitable for this purpose. 
Four systems were examined closely, these were the Brisch and
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Opitz systems for general engineering, the Aachen-Demag systems 
for structural engineering, and the British Ship Research Asso­
ciation parts numbering system for shipbuilding.
The Brisch Industrial Classification and Coding System 
was developed by E.G. Brisch and Partners of London. The 
system is generally tailored to the needs of individual com­
panies and implemented with the aid of members of the Brisch 
organisation. It is broadly based and encompasses the entire 
manufacturing process from raw material to finished product 
and also includes all facilities and services which are em­
ployed in the production process. The area of components 
assemblies and products is left unexpanded in the overall 
Brisch system to allow individual companies complete freedom 
so that they, with the help of Brisch consultants, can devise 
their own component and assembly coding sub-system.
The Opitz system for general engineering is a pure com­
ponent classification and coding system and its aim is to des­
cribe parts in such a way to allow statistical analyses to be 
undertaken. It is a nine digit code containing a good basic 
definition of component shape in the first five digits with a 
four digit supplementary code covering size, raw material, and 
accuracy aspects of the workpiece. This system was origin­
ally designed for the German machine tool industry and has 
since become a well established coding system in many countries. 
The first five digits of the code describe the shape and pro­
duction features of the part and the remaining four digits 
cover one important dimension (diameter or length), material, 
original material configuration, and the accuracy required of 
the part. The outline of the coding system is shown in 
figure 27* Adaptation of the system to suit an individual 
company’s requirements is possible only by the use of specific 
part classes denoted by 5 (for rotational parts) and 6 (for 
non-rotational parts) in the first digit of the shape code.
The Aachen-Demag classification and coding systems for
{zh)
structural steelwork were devised following collaboration 
between the Aachen Technical University and the Demag organ­
isation in Vest Germany. Aachen was also the place of 
origin of the Opitz coding system for general engineering 
workpieces and this and the systems for structural steelwork 
are now proposed as sections of a single larger coding system 
to cover all facets of industry. Demag is a structural
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engineering company who funded the development of the struc­
tural steelwork coding systems and subsequently sell it to 
other potential users on a consultative basis. Although 
industrial secrecy aspects concerning the use of the coding 
systems are strictly observed descriptive articles have been 
published outlining the systems and presenting coding exam­
ples. The structural steelwork coding systems cover three 
separate aspects of structural engineering; components, wel­
ded assemblies, and fabricated (non welded) assemblies* In 
the proposed overall industrial coding system these are each 
presented as a separate section. The sections concerning 
components and welded assemblies were of most interest in the 
development of a classification and coding system for ship 
steelwork. The basic construction of all sections is prac­
tically identical to that used for the original Opitz system 
with a change in emphasis from machining characteristics to 
cutting and forming for the component code and structure type 
for the assembly code. The component code was found useful 
in the design of a system and at one stage it was considered 
using it directly for part coding and analysis. It was des­
cribed by a colleague following a visit to the Demag organisa­
tion where the system was explained more fully, the use of it 
at that time and plans for extending its use in the future 
were also discussed. Because of the specialised needs of the 
shipbuilding industry and also the expense of purchasing the 
requisite parts of this system from Demag, its use was not pur­
sued further. However the basic construction of the system 
was studied in detail, and its method of approach to the pro­
blem found to be of value during the development of the ship 
hull component code.
The British Ship Research Association Parts Numbering 
System for Steelwork ^ ^^^{described in Chapter 4.4^, although 
having elements of classification is primarily a product based 
part numbering system. It allows a previously generated ship 
breakdown (into units, sub-assemblies, and components ) to be 
numbered in a hierarchical structured way. While the impor­
tance of systems such as this for material and production con­
trol purposes cannot be overstressed it does not allow a de­
tailed indication of the type of work which is involved in the 
shipyard workshops. The B.S.R.A. Parts Numbering System was 
therefore not thought applicable for a statistical analysis of 
components or assemblies.
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5.3.2 The design of the system
Initial studies were carried out in the four colla­
borating shipyards to gather basic information about the 
processes used, and the types of components produced.
The data was collected from both manufacturing sheds and 
drawings. A major problem at this stage was the neces­
sity for the researchers to become competent to interpret 
shipyard assembly drawings which differ substantially 
from traditional engineering drawings.
Shipyard drawings consist chiefly of two types, ship 
plans and unit drawings. Ship plan drawings consist of 
sheets of various sizes (but usually long) showing large 
planar areas of structural interest within the ship, 
while unit drawings consist of standard size sheets show­
ing all the relevant information necessary to manufacture 
a single structural unit. Very few instances occur of 
individual component drawings and in the case of the four 
shipyards who were collaborating they were practically non­
existent, thus parameters of each component had to be inter­
preted directly from the assembly drawings.
From this work a draft system was developed and re­
fined, the basic features of which are shown in figure 28
The draft classification and coding system was 9 
digits long and of the 'fixed* digital significance type, 
as is the Opitz machined component code. Indeed the for­
mat of the system followedthat of Opitz closely. The 
first six digits described the geometric shape of the com­
ponent in a way which would provide useful information to 
the industry.
The major segregation made in the first digit between 
sections and plates was an obvious one to include in order 
to follow manufacturing practice, other divisions branch 
from this. In the case of both plate and section compon­
ents the first two digits were used to describe the cut 
shape of the component. Section components were segre­
gated by cross-section type; initially by the popularity 
of the section (judged by shipyard use) and solid bar in 
the first digit of the code and then by cross-section 
specification and end of section cut-off shape (shaped or
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square) in the second digit. This followed possible man­
ufacturing practices where square ended sections could be 
readily cut by flame cutting or mechanical (sawing) methods, 
but shaped ends were more readily flame cut and in certain 
cases this was the only production method, Plate compon­
ents were sub-divided into straight sided plate and curved 
sided plate components. In both sub-divisions segregations 
were made between standard plate (plain rolled), deck plate' 
(with a pattern rolled into the surface), and expanded dia­
mond mesh (to cover drained walkways). The major segre­
gation of plate components (straight sided and curved) 
were then divided by perimeter shape using number of sides 
(straight and curved) and number of square corners. This 
again was to give a good indication of the best choice of 
production method between flame planning, profile flame 
cutting, or guillotining, and the number and ease of set­
up operations which would be required.
The third digit was concerned with forming operations 
which could have been required for the manufacture of the 
component. For sections segregations were made between 
bends, flanges, and combinations of the two; bending in­
cluded rolling operations for flat bar (defined in the two 
previous digits) and cold frame bending for other sections, 
and flanging occured chiefly in flat bar components. Div­
isions were made for plate components between those having 
flanges, roll bends, swedges (corrugations), and combina­
tions of two or three of these, again to follow manufac­
turing practice. Distinction was also made between com­
ponents (plate and sections) which required single or mul­
tiple forming operations, this indicated the difficulty 
and number of set-ups. For example cold-rolled sections 
requiring a single bend could be formed prior to end cutt­
ing, thus the positioning of the bend would be relatively 
unimportant, but if the section had more than one bend 
there would be a relationship between them and this would 
complicate the set-up and subsequent checking operations.
As indicated the first three digits of the shape code 
were 'tree* structured and had different meanings for each 
digit value of the plate and section main divisions. The 
remaining three digits of this section of the classifica-
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tion systems were assigned the same value meanings for all 
components. The fourth digit indicated the peripheral 
operations to produce holes and slots in the component, 
these included nibbles or mouseholes to aid welding oper­
ation or allow drainage, circular or non-circular lighten­
ing or access holes, drilled holes, or combinations of 
these. Attention was given in the design of this section 
of the code to the relative accuracy which might be requ­
ired of peripheral features, for example corner and side 
nibbles required relatively little positional accuracy 
compared with slots for stiffening cross members. The 
fifth digit was allocated to the edge preparation required 
on the part. This was used to distinguish between com­
ponents having chamfers from one side only, from two sides 
on one edge, square specifically (machined) and square as 
flame cut; and also for components having different edge 
preparations on different edges. The sixth digit of the 
shape code was allocated to the material composition and 
surface finish of the component, this digit was left to be 
expanded and at this stage specified only standard and non­
standard material and finish.
The final three digits of the code (seven to nine) 
were used for dimension ranges giving an indication of 
the size of any component. Segregation was again made 
here between plate and section component; thickness, 
length, and depth ranges were used to dimension section 
components with different thickness, length, and width 
ranges for plate components. It was observed from visual 
inspection of plate parts in progress on the shopfloor and 
shipyard drawings that component sizes could be classified 
by size into two categories. One category covered small 
brackets and the other catered for shell, deck, bulkhead, 
floor, or girder parts. The initial length and width 
ranges were therefore designed on this basis and scales 
similar to logarithmic bases were devised, these are shown 
in figure 29* By using this system it was found that the 
length percentage error within any range remained fairly 
constant. The errors found if the midpoints of the ranges 
are used in estimating computations and the actual values 
are on the upper or lower limits are shown in figure 30.
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The error values are generally 25^ or less with the high­
est errors occuring in the lowest ranges. The error 
values given are the maximum possible, and if a straight 
line distribution of length is assumed then a normal error 
distribution occurs around each midpoint value. The ran­
ges of the upper values of the size digits (length = 9000mm 
width = 3000mm) were based on an investigation of the raw 
material sizes used in the collaborating shipyards. It 
was assumed that component sizes could not possibly exceed 
raw material sizes. The designation of the lowest ranges 
of the size digit (length = 300mm, width = 300mm) were 
made following a visual inspection of small brackets. It 
was observed that the smallest of these were generally in 
the range 200 - 300mm in both length and width, thus using 
these range values the maximum possible errors were found 
to be 3 3 ^  for both width and length. The errors expected 
for lower sized parts are also of less importance in the 
cutting length, weld length, and general work content esti­
mating systems.
The distribution of section component lengths was 
thought to be much more linear than for plate components. 
This is a reflection of the chief function of section parts 
which is to stiffen plate parts, and the dimensions to be 
stiffened are distributed fairly linearly. The maximum 
percentage errors found when applying the same assumptions 
used for plate parts are shown in figure 31 . The upper 
and lower ranges were studied in a similar manner to that 
used for plate parts, visual inspection for the lower range 
and investigation of raw material sizes for the upper range, 
The depth ranges for section parts were again partly based 
on visual inspection of shopfloor work and shipyard draw­
ings and also in this case an available standard size 
from the rolling mills. The maximum possible percentage
estimation errors for section depth are also shown in 
figure 3 1 ,
A homogenous distribution of component sizes for digit 
values 1 to 8 was assumed to give an indication of the err­
ors resulting from using the range midpoints. (This was 
a very theoretical situation and, considering the practical 
aspects designed into the coding system, a poor case to
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show the system size range merits). In this case all 
size ranges would contain an equal number of components 
which would be equally distributed over the specific range, 
i.e. mean actual length at the midpoint of the range and 
upper and lower quantities situated at half the maximum 
possible error above and below the midpoint. Thus aver­
aging the maximum errors would result in a mean error for 
each size code and 50^ of component dimensions would be 
accurage to within 50^ of the maximum error. Using this 
hypothesis 50fo of plate components would be 10.4?S or less 
accurate in length and 7.2# or less accurate in width, and 
50# of section components would be 7.9# or less accurate 
in length and 7.4# or less accurate in depth. These fig­
ures are for digit values 0 to 8 only.
Thickness ranges, both for section and plate parts, 
were based on a study of the thicknesses of raw material 
ordered by the collaborating shipyards. The thickness of 
components would be the same as that of the raw material 
they were produced from, and it was more efficient to ins­
pect raw material order lists than component thicknesses.
For all size digits the original values of upper and 
lower values of ranges were only chosen from brief exper­
ience of practical requirements. It was therefore inten­
ded that in the early stages of data collection the absol­
ute value of component sizes would be included in the data 
format. This would allow an accurate statistical analysis 
of the size ranges to be undertaken to verify or disprove 
their value, and to redesign them if necessary. It would 
also allow 'block' changes to be made (if necessary) in the 
code values using the actual dimension values and computer 
data processing methods* This would alleviate the neces­
sity to recode large batches of information if the size 
ranges were found to be impracticable. However when the 
size code system had been statistically proved it was inten­
ded to rely on this as a true indication of the size of 
components and cease recording absolute values.
At this stage it became necessary to test the code on 
a fairly extensive scale before attempting to use it to 
component-code and statistically analyse the parts forming 
a complete ships hull. To do this the double bottom stru­
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ctures of a ferry, a dredger, and a cargo vessel, each 
under construction in different collaborating shipyards, 
were coded. The double bottom section of a ship was 
thought to contain a representative sample of the compon­
ents which would exist in the entire ships hull. During 
coding operations notes were kept detailing ambiguities 
which existed in the use of the shape code. These were 
clarified by either changing the classification system to 
suit, or by defining it more concisely in a coding manual 
which was compiled at a later date. Notes were also made 
of structural component features which could not readily 
be coded. In these cases the classification system itself 
was changed or enlarged to enable the features to be coded 
and stored in the data bank. Two instances occurred which 
required a change in the basic code. The first concerned 
section parts which were cut and rewelded to enable the 
section to be knuckled, usually to follow the surface of 
the panel it was required to stiffen. The second occur­
red where plate components were both corrugated and flanged, 
these difficulties were both overcome by using a spare val­
ue of the forming code digit. Special attention was given 
to the distribution of the size code digit values throughout 
the component population for each ship. Histograms were 
drawn of numbers of components having specified code values 
for thickness, width, and length in the case of plate parts; 
and thickness, depth, and length in the case of section 
parts. The original design concept of the size codes had 
been that a compromise should be divided among a number of 
code digits, but a fairly even distribution should be main­
tained for the regions outside this peak. For section 
parts the lower digit values were found to contain more 
components than higher values, the majority were found to 
be in the range 600 - 1200 mm (code digit value 1) Digit 
values about code value 1 were found to have a normal type 
distribution although for the dredger the distribution was 
found to be very much flatter than for the other two ves­
sels. There was found to be a fairly even distribution 
for higher value digits (4 to 9). Three dimensional his­
tograms of numbers of plate components for length and wid­
th code digits were drawn and studied, these analyses are 
discussed in further detail in Chapter 8. In general dis-
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tributions were found to be similar to that described 
above for section lengths, that is a normal type curve in 
one area ( 0 - 4  for length and width codes, 4 - 6  for 
depths and thicknesses) with an even distribution covering 
other digits values. The region which was covered by the 
normal distribution peak was in all cases divided into 
smaller ranges than the flat area. It was therefore 
shown the design policies for the size code had been app­
lied.
During subsequent data collection programmes the ad­
vantages of recording assembly information which could be 
directly associated with a component were recognized. If 
the types of weld which would be used to assemble the piece- 
part into a welded structure were noted, then assembly work 
content values could be estimated from the component data 
bank. Thus following the initial coding exercise a fur­
ther digit was incorporated into the classification system 
to indicate the weld type which would be applied to assem­
ble the component. This was only applied to welds at the 
edges of the part and not for that of a second component 
welded to it, for example by a fillet weld (this weld 
would be included in the description of the second compon­
ent) . The initial division of weld type was into butt and 
fillet welds, and combinations of these two for different 
edges. The second division was into continuous and inter­
mittent welding techniques. No attempt was made to define 
the weld production method (submerged arc, M.I.&., manual 
electrode, etc.) as this would depend on the assembly area 
employed and the facilities available within the specified 
manufacturing shipyard. The welding detail digit was in­
serted between the previous fifth and sixth digit, follow­
ing the digit describing edge preparation for welding and 
preceding the digit describing material and finish. Thus 
the three digits which are inter-related and closely assoc­
iated with the assembly process were grouped together, al­
though the edge preparation is also closely connected with 
the component production methods and may equally be associa­
ted with the preceding four digits.
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The finalised classification and coding system has 
now been published by the Department of Management Studies, 
Glasgow University, ( 2 5 )  and consists of two parts, a 
summary and a manual. The code now consists of ten digits 
which can be divided into three distinct sections. The 
first four digits describe shape parameters of the compon­
ent which are of importance in the manufacture of the part. 
Digits five to seven inclusive describe factors involved in 
both the production of the component and its assembly into 
a welded structure. The final three digits describe the 
dimension of the component using distinct size ranges for 
plate and section parts. The structure of the code is now 
as shown in figure 32.
The material and surface finish code digit (seventh) 
is yet to be fully defined, and as yet only standard and 
non-standard material and finish is specified. The var­
iety of material and surface finish which is employed indus­
try wide is extensive, particularly if different grades of 
carbon steel are considered. However, individual compan­
ies and shipyards will generally have a much narrower range 
of material or finish standards, depending on the type of 
vessel manufactured. It is therefore intended that this 
digit will be expanded by the individual shipyard user 
based on his own company standards.
The dimension ranges to describe component sizes at 
present in the code are based on the parts found in two 
ships hulls (the 5000 Ton dredger and the 14000 Ton SD14) 
and the double bottom of the 3000 Ton ferry. This size 
of vessel is produced in small or medium size shipyards 
and the production equipment employed is only able to deal 
with relatively small raw material pieces. Few of these 
shipyards use a modern automatic or semi-automatic panel 
assembly line designed to fabricate large flat panels.
This is because the ships capable of being constructed on 
their building berths do not have a long parallel midbody 
and the resulting large areas of flat panel to justify 
large capital investment. The average size of components 
occurring in smaller vessels is also less than in oil and 
products tankers or in bulk carriers. This is particularly 
true in the case of plate thicknesses and rolled steel sec-
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Main Division Digit NumU Digit Description
Shape Parameters 1 General Classification 
(plate type/section type)
(component
production) 2 Cut plate/section shape
3 Formed shape
4 Holes and slots
Assembly Features 5 Edge preparation
(component/assembly
production)
6 Welding detail
7 Material/finish
Size
(dimension
ranges)
8 Thickness
9 Length
10 Width (plates) / depth 
sections
Figure 32 Outline of final classification and
coding system for ship hull components.
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tion thickness and depth as the scantlings of these ves­
sels need to be stronger for classification purposes. The 
dimension ranges of the code therefore need to be redesi­
gned for larger ships and shipyards employing larger plant 
and equipment. Different thickness ranges for plates and 
sections (and depth ranges for sections alone) need to be 
redesigned for specific types and sizes of ship; and in 
addition different length and width ranges are required to 
cater for the shipyard equipment available. The factors 
involved in the redesign of size ranges are the same as 
those defined previously. Statistical analyses of raw 
material can be quickly carried out to find maximum plate 
sizes and rolled section sizes which are most commonly used 
in the shipyard, the maximum values will be similar to that 
found in the statistical analyses described in Chapter 8 
and this can be used to define ranges. If this fails a 
small statistical analysis can be made of the parts them­
selves .
The code summary allows a quick reference to the clas­
sification system, and any specific problems may be solved 
by consulting the larger manual. It has generally been 
found that students who are being taught to code require 
directed tuition for about one or two days. Following 
this a period of two or three weeks is required with access 
to an experienced coder, during this time queries occur less 
frequently and the manual is also referred to less often. 
Eventually the code summary is used for practically all 
coding operations and the manual is referred to only for 
types of part which occur very infrequently. Care must 
be taken, however, not to make assumptions where any ele­
ment of doubt as mistakes once made tend to be recurring.
For this reason a study of the manual should be made at 
fairly frequent intervals to act as a 'refresher* course.
5*3.3 Analysis of the coding system
An independent analysis of the use of the classifi­
cation and coding system was carried out by a final year 
engineering student at Strathclyde University ( 2.6)
The student investigated the difficulties involved in clas­
sifying and coding the ship structural components forming 
the double bottom structure and estimated probable training
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time required for coding based on his own experiences.
The greatest difficulties found by the student were 
locating components from assembly drawings and interpreting 
drawings in general. As he was not familiar with ship 
assembly drawings it took up to ten minutes to locate some 
unique components in a drawing, and this frequently re­
quired cross-checking with other drawings to verify that 
the correct part had been found. In addition it was found 
that ship draughting procedures were inconsistent when com­
pared with general engineering drawing practice. For ex­
ample a manhole might be shown in dotted lines usually in­
dicating that it was cut on the berth; but this could also 
have indicated that the manhole was hidden below the facing 
panel (deck or bulkhead), or could have indicated access 
from above. Problems were also found in defining the ex­
act shape and features of components. Many of the parts 
were found to have one or more sides with slight curvature, 
usually these were shell plates, or deck plates which were 
joined to the shell. This curvature, when slight, was not 
apparent in assembly drawings but a shipyard draughtsman 
would consult lines plans and shell expansions to check 
curvature. The student, however, found difficulty in in­
terpreting lines plans and correspondingly he encountered 
problems in determining the code number to be allocated 
to the part.
The student kept a log during his project to indicate 
his difficulties in coding and maintain a record on his 
progress in learning the code* The first six days were 
spent in familiarisation exercises with shipyard drawings 
and the coding system. Days seven and eight were spent 
coding, the initial rate during these two days was very 
slow, about thirty components per day. Days nine to thir­
teen were also spent coding but the rate was increased to 
about forty parts per day; by the thirteenth day the stu­
dent was fairly familiar with both the coding system and 
shipyard assembly drawings. Few difficulties were encou­
ntered during days fourteen to eighteen and the experienced 
coders were consulted less frequently. Coding became a 
routine job and many of the parts were found to be identi­
cal. The coding rate was increased to about fifty per
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day during days nineteen to twenty four when coding ceased. 
The student found more difficulty in coding plate parts 
than section parts, this was to be expected as they are 
usually found to be of greater complexity. A learning 
curve (figure 33) was drawn based on the students experi­
ence of coding during the twenty four days* He estimated 
that a coder skilled in the use of shipyard drawings could 
code 100 — 150 parts per day but that a person with no tec­
hnical experience would only reach a maximum of about twen­
ty parts per day. These figures were based on his own ex­
perience of coding as a person with a technical background 
but with no experience of shipyard drawings or ship struc­
ture .
The student also analysed the coded component data 
gathered from the same shipyard assembly drawing by the 
two originators of the code and himself. Inconsistencies 
were found to exist, particularly in the use of the second 
and third digit. This was usually due to poor interpreta­
tion of the drawings involved and the student suggested 
that a ship draughtsman was the best person to employ for 
coding operations and coding was best done at the detail 
drawing stage. Major differences occurred when a 'snipped* 
corner was classed as a further side, thus a mistake in 
coding of this nature would radically alter both the second 
and fourth digits. Examples of this coding failure are 
shown in figure 34. The student suggested that differen­
tiation should be made between very short sides and corner 
snips. It was later decided to define corner snips by 
purpose, i.e. 'sides' for the purpose of easing welding 
operations and relieving corner stresses would be classi­
fied as snips. A certain amount of discretion and know­
ledge of ship design is still required of the individual 
coder, although this has been reduced considerably. Fur­
ther problems occurred with parts having slight curvature 
of side which was not clear in the assembly drawings. 
Moreover for this exercise lines plans of the ship were 
not available and these would have solved this problem.
The student suggested that a manual be prepared to explain 
the system in greater detail and explain more clearly the 
points which had arisen during the exercise. This manual
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could then be referred to by potential coders. These 
points were noted and acted upon in the design of the 
final classification and coding system presentation,
5,4 Data collection
Pilot data collection exercises were undertaken at 
the start of research to ensure that the component des­
criptive coding system and the data format could be used 
in all four collaborating shipyards. Sources of produc­
tion information were investigated and the following areas 
were of specific interest,
• Drawing procedures and methods; the degree of 
detail of the drawings, and the parts number­
ing and coding system used,
• Shipyard planning and production control methods; 
parts lists, steel ordering lists, and information 
passed to the shop floor to control production 
(such as job cards or route cards).
Sample drawings and parts and material lists for 
double bottom structural units from a ship under construc­
tion in each company were obtained. Information descri­
bing each component on the drawings was collected using 
the common data format and punched onto eighty column com­
puter cards. Following successful analysis of the data 
collected (Chapters 7 and 8) reports were sent to each 
company proposing to gather a large statistical component 
sample by examining in detail a whole ships structure, 
this would then allow a more detailed investigation into 
manufacturing problems. However, Scott Lithgow rejected 
the proposal for personnel management reasons, and Ryton 
Marine went into liquidation before further collaboration 
was possible.
After presentation of reports on work done during the 
pilot study periods spent in their shipyards both the Ailsa 
Shipbuilding Company and Austin and Pickersgill agreed to 
provide facilities to allow vessels to be component coded. 
It was agreed that the vessels which were to be coded would 
be those which had been the subjects of the initial data 
samples, i.e. the 5000T dredger at Ailsa and the SD14 at 
Austin and Pickersgill,
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Shipyard drawings for the dredger were supplied and 
processed at the University of Strathclyde. Frequent 
day-long visits were made to the shipyard to clarify any 
points which were not clear or understood when interpre­
ting the drawings. Component information was collected 
onto data sheets as shown in figure 24, and then trans­
ferred onto punched cards. The information on the pun­
ched cards covered:—
1 Shipyard part number
2 Number of plates/sections ordered
3 The descriptive code number
4 Number of components required
5 Component size i.e length, breadth, and thickness
6 Raw material sizes or nesting information
)
7 Brief verbal description of the component
The company was informed that the data was available 
for their use and sample analyses were presented in a sec­
ond report. The company was also informed of a computer 
time-sharing system which could be used to exploit the data 
bank for information retrieval and analysis. A detail 
cost breakdown for installing and running the system was 
included in the report to the company and is presented in 
appendix 8
In order to ease communication problems and collabor­
ate with shipyard personnel the coding and data collection 
for the SD14 was undertaken in the Southdock shipyard of 
the company involved. An office was provided in the ship­
yard and a complete set of ship drawings for a previously 
constructed vessel were made available. A total of four­
teen weeks was spent in the shipyard carrying out a detailed 
survey of the components forming the hull of the ship. In 
addition job cards were gathered for a similar ship which 
had been built previously, and the process information from 
these was also numerically coded onto data sheets and trans- 
ferred onto punched cards.
The format used to collect the component information 
closely followed that used in the previous sample exercise 
and is shown in figure 24. In addition a brief verbal 
description of the part was added and the component and
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raw material sizes were noted in millimetres, this in­
volved a conversion from imperial dimensions but would 
allow easier data handling. The process was simplified 
by using a specially graduated scale which allowed direct 
conversion from ship drawings into millimetres. The in­
formation collected onto punched cards covered;-
1 The shipyard code number
2 The steel order number
3 The number of plates/sections ordered
4 The descriptive code number
5 The number of components required
6 Overall component dimensions
7 Raw material sizes
8 A verbal description
The additional process information was collected in 
a format designed to describe the production route of a 
component and the unit it was used. This information on­
ly described components manufactured from plate. It did 
not cover the complete vessel as an entire set of job cards 
was not available, but 479^  of the total number of plate 
components were described. The aim of collecting this 
additional information was to supplement the component in­
formation for subsequent analysis and also to form the 
basis of a possible automation data retrieval service for 
the design and production planning departments of Austin 
and Pickersgill.
A report was presented to the company giving details 
of the information which was available for their use.
At this time the importance of assembly information 
in the control of production became apparent. The task 
of such information in the data banks was overcome by using 
the data storage capacity previously used for component di­
mensions (see section 2 of this chapter). Common interest 
in the collection of assembly data was found to exist with 
A.P. Appledore who were engaged in the design of new ship- . 
yard facilities for Austin and Pickersgill. It was sugg­
ested that the SD14 be reprocessed, and the B26 be pro­
cessed for the first time, with the collection of addition­
al information describing the assembly process to berth
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erection. This would be of value in the design of assem­
bly production systems, design of assembly work areas, and 
for the scheduling of work to these work areas. It was 
further suggested that a coding system in use at Cammel 
Laird Shipbuilders could be employed, this was closely ex­
amined and found to be suitable. Austin and Pickersgill 
agreed to participate in the exercise and supply necessary 
ship drawings. The work was carried out at the offices of 
A. and P. Appledore who advised on the proposed ship break­
down, although the detail breakdown of the vessels into 
units, main assemblies, and sub-assemblies was undertaken 
by the researchers who numbered the resulting weldments.
The assembly coding system employed consisted of a single 
alpha character which described the type of assembly. Its 
use in the project generally followed that employed at 
Caramel Laird although for some assembly types more explicit 
definitions were required, and in one case a new value was 
introduced. The alpha characters with explanations of 
their meanings are shown in figure 35 •
Data describing both the individual components and 
their assembly route until erected into the ship on the 
berth was collected using the redesigned format. There 
was little difficulty in the coding and collection of com­
ponent data following previous work, but some problems 
were encountered with the definition of an assembly break­
down which would comply with the envisaged ship factory 
design. These difficulties were overcome by discussing 
the problems with shipyard and A. P. Appledore personnel 
and making policy decisions throughout the data collection 
process, and in particular at the early stages of the ex­
ercise. These decisions were recorded using a catalogue 
of welded assemblies defined in the breakdown which num­
bered each assembly and contained sketches of the assumed 
method of assembly. A sample from the catalogue is in 
appendix C
Following completion of this data collection exercise 
both Austin and Pickersgill and A. P. Appledore were in­
formed that a new data bank existed. Data retrieval and 
handling techniques using the information were also demon­
strated to them, and in the case of A. P. Appledore proces­
sed information in a useful form was presented.
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Figure 35 Cammel Laird assembly code, and
additional codes developed during
research
81
At a later stage Cammel Laird and Swan Hunter Ship­
builders agreed to participate in data collection exercises.
Swan Hunter were in the process of installing a data 
retrieval system for material and production information 
flow systems. Components in each unit drawing were num­
bered sequentially as items, drawing office personnel then 
listed the components by item number, part numbered the 
components, and added complimentary information such as 
raw material numbers and dimensions. The information was 
recorded and inserted into a computer data bank for mani­
pulation and later retrieval. Unit drawings and item 
lists were supplied to the researchers by Swan Hunter and 
students were employed to code the components and record 
the data in a form similar to that employed in previous 
exercises. The ship involved was a crude carrier of about 
130,000 Tonne D,¥,T. which was under construction at the 
Walker shipyard of the company. Sample item lists from 
the company system were shown in figure 18, Due to time 
limitations the sample collected was fairly small but the 
exercise showed that other data formats could be easily 
adapted to the project data format and comparative analyses 
of different vessels could be undertaken.
As previously described Cammel Laird had for some time 
been using a simple classification system devised to code 
assemblies by type. This was in preparation for the in­
stallation of specialised assembly lines and workplaces in 
the redevelopment of their shipyard. The shipyard draw­
ings were therefore already both assembly and component 
numbered and a fully documented product breakdown existed. 
The researchers were supplied by Cammel Laird with ship 
assembly drawings and students were again engaged to code 
parts and collect data. However due to time and cost 
considerations approximately 70^ of the ship hull compon­
ent coding was completed and entered into the computer data 
bank after being punched onto data cards. Component data 
collection was found to be more difficult than with the 
Swan Hunter documentation, but a product breakdown was al­
ready defined in greater detail than in any shipyard who 
had previously collaborated.
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5.5 Simultaneous part numbering and component coding
The most difficult task encountered in the coding of 
components and assemblies was that of locating and identi­
fying the parts themselves from shipyard assembly plans 
(see Chapter 5.3.3)However this task has previously been 
executed by the detail design office in order to number 
parts and compile parts lists for raw material ordering 
and component production in the manufacturing shops. It 
can therefore be assumed that the coding operation time re­
quired can be drastically reduced by combining the component 
numbering and coding operations. This would involve a 
training programme for detail draughtsmen, checkers, or 
parts listers in the use of the classification and coding 
system employed. It has been shown that the component 
classification and coding system devised for the project 
is easily learned and applied by arts and engineering 
students. It should be even more easily learned by per­
sonnel who are familiar with shipyard drawings and docu­
mentation, particularly if the document's concerned’ are 
from their own particular shipyard.
For contour cut components which are produced on N.D. 
machinery an alternative occasion for coding is at the N.C, 
coding stage. Here the component concerned is accurately 
described in a coded language which could be readily inter­
preted to the type of code described previously,' Again 
a training programme would be required for the N.C. pro­
grammers to allow them to either code the component com­
pletely or add the elements which cannot be interpreted 
from the N.C. description, A disadvantage of coding at 
this point is that the process route for the component has 
already been devised, it is hoped to define this from the 
code number.
Any shipyard wishing to component code one of their 
vessels would be advised to train their own detail drau­
ghtsmen in the use of the code rather than employ new per­
sonnel who would have to repeat the component location and 
identification task. This aspect of concurrent part num­
bering and coding is particularly important where assemblies 
are concerned. In the case of the SD14 and B26 vessel 
product breakdowns the simple assembly classification code
was used as part of the assembly numbering system as ex-
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plained previously. It is also important that the com­
plete detail design is developed from the start as a set 
of assemblies and sub-assemblies, rather than a set ôf 
components which are later grouped together to form the 
required assemblies. The latter method of arriving at 
a product breakdown is not fully compatible with the con­
cept of assembly production lines for similar types of 
assemblies. Complete designs developed as assemblies, 
however, ensure that the product breakdown is compatible 
with the production system which was devised to manufac­
ture the assembly types. It also ensures an inherent 
amount of standardisation in the design system by using 
the assembly code.
Computer aided design (C.A.D.) also has implications 
in the classification and coding of pieceparts and assem­
blies in shipbuilding. A recent development (many 
examples of which are still in progress) in the use of
C.A.D. is in the field of structural detailing. 8ystems_^\
{3.7) §.Q) (29)
such as Poran (Spanish) , Hicass (Japanese), and Viking
(Swedish) are all based on the application of computers 
to all facets of shipbuilding from preliminary design to 
detail draughting and the definition of information for 
production. The concept of a general shipbuilding infor­
mation processing computer package built around a data 
base supporting a management system is common to all these 
developments. Examples of structural detailing from the 
HICASS system are shown in figure 36 , these include a 
scantling drawing and a detail assembly drawing which would 
be developed from a scantling drawing; and also the system
outline. . .
(30)
The Ship Structural Design System (S.S.D.S.) under 
development at British Ship Research Association (B.S.R.A.) 
uses typical structural views for the development of all 
necessary assembly sketches. The typicals will be based 
on minimum scantling programs and will be slightly modi­
fied in each case to derive the actual assembly drawings 
required. These assembly drawings will be shown on a 
computer graphics display system and parts will be num­
bered and compiled into lists for marshalling and assembly. 
The resulting assembly drawings and parts lists will be
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stored in the data base to be retrieved for subsequent 
manufacture. The possibility of coding assemblies and 
components at this stage will also be investigated, thus 
the coding operation in this case will be combined with 
both the detail design and part numbering tasks.
The feasibility of using the data base as a source 
of information for coding will also be investigated, al­
though it will probably be necessary in this case to de­
vise a further code to better exploit the format of the 
available data. Using this concept mannual coding oper­
ations will become unnecessary as computer procedures may 
be devised to extract the required data and transpose it. 
Although the information will already be in existance in 
the data base this process will convert it into a much 
more manageable form to apply in statistical analyses and 
in the investigation of production process design.
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Chapter 6 Statistical analysis concents
6.1 Potential benefits of statistical analyses
The value of statistical analyses in general manu­
facturing industries for the development and application 
of improved manufacturing methods and production systems 
is well proven. Analysis techniques are often employed 
in association with the introduction of group technology 
manufacturing systems, although benefits are obtainable 
from other uses of analyses. Component analyses in gen­
eral metalworking industries in Germany and the United 
Kingdom have shown that a high degree of consistency exists 
among component populations. The statistical results of 
analyses carried out in various industries have been pub­
lished for general use within the industries, and also for 
the benefit of auxiliary industries which offer services 
to the main one. These analyses have mainly been under­
taken by academic institutions or research establishments 
with close affiliations to the industry involved (51) 
Alternatively many individual companies have undertaken 
analyses within their own organizations with the dual ob­
jects of standardisation and the introduction of cellular 
production techniques. The direct results of statistical 
analysis carried out by individual companies have been less 
frequently published although exercises concerning the in­
troduction of group technology leading to improvements in 
throughput times and management systems have been more 
widely reported. The variety of industries where group 
technology techniques have been introduced following sta­
tistical analysis exercises range from the manufacture of 
highly specialised products such as friction brake linings(32) 
to valve gear (35) and structural steelwork industries.(24)
Statistical analyses have generally proved to be of 
value in the design of production machinery and production 
systems, areas of specific improvement have been:-
. In the design of production machinery to best suit
the components which it is required to manufacture.
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• In the reduction of material and component variety
by grouping similar components together and allow­
ing closer exploitation of the similarities, and 
the redesign of components to fulfil several func­
tions •
. In the scheduling of individual machine or process
workloads to enable similar components to be batched 
together, thus minimising down time due to set-up 
operations•
• In the development of manufacturing cells, each con­
sisting of a group of machines to produce a family 
of similar components, thus gaining the advantages 
of lower set-up times, easing shopfloor management 
problems and limiting inter-process component move­
ment •
A literature survey showed that no substantial ana­
lysis exercises had been undertaken or documented in the 
shipbuilding industry. Two examples were found of small 
scale analyses carried out for specific purposes. These 
were a craneage evaluation exercise,and an investigation 
of plate material passing through various metal cutting 
operations•
The craneage evaluation exercise was undertaken by a 
graduate shipbuilding apprentice in an Upper Clyde ship­
yard in the mid 1950*s, and the results were described in 
a paper (34) presented to the Institute of Engineers and 
Shipbuilders in Scotland. Since then building methods 
have changed radically from the erection of numerous sec­
tion and plate parts with only small assembly units on the 
slipway, to the modern practice of shed assembly of large 
structural units prior to berth erection. The chief con­
sideration during the exercise was the crane requirements 
which would be required in the shipyard involved. It 
was shown that for 2,340 units comprising a 28,000 ton 
d.w.t. ore/oil carrier the average weight was 2.3 tons and 
only 15 units were greater than 20 ton. In addition 2100 
ton of miscellaneous individual plates and sections were 
lifted to the berth of a total steel weight of 7500 ton 
Because of the changes in methods employed in the industry
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and the increase in scale of berth lifts, as well as the 
narrow objectives of the exercise the results of the pro­
ject bear little relevance to modern shipbuilding manage­
ment or techniques.
A survey carried out at Harland and Woolf was under­
taken by the Systems Planning Manager and a systems spec­
ialist, and was documented within the company only. The 
report was published in 1974 and was only discovered when 
collaboration took place with Harland and Woolf in the 
later stages of research. It was therefore not available 
for reference during the coding and data collection exer­
cises. The analysis concerned second stage preparation 
only; second stage preparation is a general term used by 
the company for all metal cutting, rolling, and shaping 
operations. The number of plates burnt by the various 
types of plate cutting machine employed in the shipyard 
were investigated using figures compiled from loft sheets 
for a tanker in production. The analysis was divided into 
seven sections corresponding to different cutting opera­
tions, these were;
a) plates burnt on single bed sicomat profile cutting 
machine with N.C. burning tape.
b) plates burnt on single bed Sicomat profile cutting 
machine with optical following head.
(These machines have no edge preparation facility, parts 
requiring edge preparation must be transported elsewhere 
for this to be achieved)
c) Plates burnt on double Sicomat profile cutting 
machine incorporating edge preparations facilities 
on burners. Used to burn components of full plate 
size •
d) Plates burnt on flame plane machines with edge 
planing facility and intended for panel line as­
sembly. Used to burn components of full plate 
size.
e) Plates burnt on flame plane machines with edge 
planing facility and not intended for panel line 
assembly. Used to burn components of full plate 
size •
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f) Plates burnt on flame plane machines without edge 
planing facility. Usually used for small plate 
superstructure components where edge preparation 
is not required.
g) Plates hand marked for burning on *quicky * machine. 
Usually on pre-corrugated superstructure plates.
For each of the seven analysis sections the ship was 
divided into functional zones and thence into structure 
groups to follow material and production control and manu­
facturing practice. A table of the following statistics 
were prepared and presented for each functional zone:-
1 Structure group number
2 Number of weldments (fabrication units) in 
structure group.
3 Overall number of plates used in structure 
group.
4 Overall number of nests used in structure 
group
5 Number of plates with all edges planed used 
in structure group
6 Number of nests with all edges planed used in 
structure group
7 Number of plates with no edges planed used in 
structure group
8 Number of nests with no edges planed used in 
structure group
9 Number of plates with some edges planed used in 
structure group
10 Number of nests with some edges planed used 
in structure group
11 Total number of parts from plates with some 
edge planing
12 Number of parts with edge planing: from plates 
with some edge planing
13 Percentage of parts with edge planing from 
plates with some edge planing.
For several of the analysis sections all of these 
categories were not applicable as the process from which 
they were derived did not allow edge preparation. A 
sample statistical table for a burning tape Sicomat mac­
hine for zone 1 of the ship is shown in figure 37 the 
summarised results are reproduced in figure 38. The ex­
ercise was concerned only with raw material size plates
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SUHMART.
The plates for 1693 are burnt on the following machines:- 
Sicomat 3437
AA 281 f
q/D 621
Double sicomat 819
flame plane ti59
A A  (Panel line) 375
A A  340
V r  244
Sand marking $ burning 254
All (excluding Multiaeo 5569
and Stataeo)
Rolling and shaping is mainly carried out on parts burnt on the Double Sicomat
maohine from which 6l ,2?5 of parts are rolled and 21.4?î shaped.
Edge preparation is only Important on those machines which do not have edge
prep, facility,incorporated into burning heads,i.e. Sicomat machines,
on the Sicomat machines:
35*%& of plates have all parts edge prepared 
50»%& of plates have no parts edge prepared,
14,3^  of plates have some parts edge prepared.
The level of edge preparation is higher on the sonea 4 - 7  than for the parallel 
mldboby.
figure 38, Summary results of an analysis of plate cutting
operations carried out at Harland and Woolf (Belfast),
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which were processed by cutting operations and not with 
the size and numbers of individual components which were 
produced. Thus only a simplified indication of the pro­
duction volume passing through the machines, particularly 
the Sicomat machines, was achieved. In addition compon­
ents produced from rolled steel sections were not consid­
ered. The scope of the analysis was correspondingly 
narrow although useful indications of the volume of work 
to be loaded on certain processes resulted.
It was proposed that statistical analysis exercises 
be undertaken with three objectives; to benefit the 
British shipbuilding industry in general, to benefit the 
specific shipyards who were collaborating, and to benefit 
the manufacturers of shipbuilding machine tools. Benefits 
to the British shipbuilding industry will chiefly stem 
from a statistical comparison of the steelwork components 
which comprise different shiphulls. This will enable a 
comparison to be made of the workload involved in building 
various ships using more reliable indices than at present. 
The measure of workload which is presently employed to 
gauge shipyard efficiency most often is steel tonnage 
throughput. However, ships are of varying complexity and 
therefore steel weight is not always a good indicator of 
work load even when an empirical weighting factor is em­
ployed. The number and shape complexity of parts requ­
ired will present a more accurate assessment of the work­
load on the steel preparation shops. It will also give a 
better indication of the assembly shop workload as this is 
directly influenced by the number and complexity of the 
components forming the assemblies. Efficiencies of indi­
vidual shipyards may then be compared using a common mea­
surement unit, this will become increasingly important 
with the development of a national shipbuilding policy.
The improved workload measurement will also assist in the 
development of improved cost estimating and cost control 
systems using correlation and regression techniques based 
on historical costs and associated workloads. In addi­
tion statistical descriptions will be of value in the in­
vestigation of the effects of producing various mixes of 
ship type and size on the productivity of an individual
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shipyard. It will also allow shipyards to investigate 
production facilities and manufacturing resources required 
to produce any mix of ships which may be proposed, and to 
plan accordingly. In the case of individual ship tenders 
the publication of standard sets of statistical tables des­
cribing the hulls of a variety of ships will allow ship­
yards to compare proposed ships with vessels previously 
built. This will result in a more accurate assessment of 
the time and cost it will take to build proposed vessels.
Benefits to a collaborating shipyard will result from 
analysis of its own shiphull data. The results will be 
of value when investigating workload fluctuations* The 
analyses will be considered in collaboration with work­
shop and berth schedules to compute the workload on various 
building facilities at any one time. This may be done for 
a specific ship over the building cycle, but for best res­
ults all ships under construction at any time must be con­
sidered and the individual workloads superimposed to find 
the total. By using this analysis method imbalances in 
workload on specific facilities can be highlighted and 
work-scheduling plans can then be modified to ensure a 
nearer optimum use of machinery and manpower. Analysis 
will also enable a company to plan its facilities and pla­
nt layout more scientifically with a thorough knowledge of 
production requirements. It will indicate the type of 
flame cutting equipment required, and also the type of 
guillotine, flange forming, and rolling machinery needed. 
Indications will also be given of the size of equipment 
and the number of machines required. It will also be 
possible to investigate the feasibility of employing dif­
ferent manufacturing techniques and systems in the ship­
yard concerned. These techniques might include the set­
ting up of component manufacturing cells under group tech­
nology principles, or in the use of flowline principles.
Benefits to machinery manufacturers will result from 
publication of statistical tables following the analyses. 
These will be presented with particular reference to the 
size of the components and one set of tables will be pre­
sented for each production process. They will therefore 
be of value to the designers and manufacturers of machine
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tools in general in the design of construction and size 
of their products, and in particular in the specification 
of machine bed sizes.
6.2 Statistical analysis methods
6*2.1 Range of analysis methods employed
Information was collected on data sheets and then 
transferred to punched cards, as described in the previous 
chapter. Four data analysis methods have been employed 
to investigate the material and component parts described 
in the resulting data bank. They range from simple pun­
ched card sorting in the early stages to the use of a 
specialised computer data analysis package to carry out a 
full statistical analysis. In addition Fortran computer 
programs were developed to use in conjunction with the 
data analysis package and another statistical analysis 
technique based on a commercial data manipulation and re­
trieval package was developed. The complexity of the 
analysis methods reflect the stage at which the specific 
analysis was undertaken and the experience of the author 
in data processing techniques at that time.
6.2.2 Data manipulation and retrieval packages
Initial data analyses were carried out by mechanical 
card sorting methods, but this was found to be tedious 
and often required the data card set to be duplicated. 
Although the technique has these drawbacks it was found to 
be a useful tool in early analysis exercises while inves­
tigating more advanced analysis methods. It also gave a 
good indication of the methods needed to produce analysis 
results which would be meaningful and of value to the ship­
building industry, and in particular to the collaborating 
companies.
Two data manipulation and retrieval packages were ex­
amined for possible use in data analysis exercises. These 
were the Store and Manipulate package by Honeywell, and the 
Composit 77 package by Comshare Limited, Store and Mani­
pulate (S .A.M. ) (35) is a Honeywell software package which 
was installed on the Strathclyde University Time Sharing 
Programming System (T.S.P.S.). It was freely available 
for research and access was possible by using a remote ter-
%
rainai and internal telephone lines. It was employed to 
carry out analysis exercises on the component descriptive 
data banks available at that time. Data was stored on 
disc file in the computer and was freely available for in- 
terogation using the S.A.M. package. Thus by using 
commands (count, display) and comparison codes the S.A.M. 
package presented both a powerful file editing facility 
and a useful tool for the retrieval of specified data.
It fully replaced the card sorting procedures which had 
been employed initially in analysis exercises. The advan­
tages over card sorting were that data could be continua­
lly processed without renewing data cards, the retrieval 
operation itself was more speedy, and listings of required 
information were available immediately on the remote ter­
minal. The major disadvantage that it was only possible 
to count data records rather than numbers of components 
required was retained. Thus the only advantages which re­
sulted were that the process was easier to use and quicker 
in response.
(36)
Composit 77, a program similar to S.A.M. was used by 
A. P. Appledore for their further data analysis needs. It 
is a package supplied by Comshare Ltd., a computer bureau 
service, which allows data collections and storage, infor­
mation retrieval, information analysis, reporting results, 
and data control. The data in store on the Strathclyde 
Honeywell computer was transferred to storage on the Com— 
share time sharing system using magnetic tape. Thus A. P. 
Appledore were able to independently examine the data bank 
information as required. This exercise was part engin­
eered by the researchers who explained to the company the 
fundamentals of the system following initial contact with 
Comshare and approximate costing.
6.2.3 Statistical Package for the Social Sciences
The Statistical Package for the Social Sciences (S.P.S.S.) 
(37) is a collection of computer programs developed at 
Stanford University to describe and analyse social science 
data. The system consists of a control program, general 
service routines, and a number of associated statistical 
subprograms. It is Fortran based and therefore easily 
understood and used by technologists who are familiar with
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that language. The control cards used to describe the 
data and the procedure to be carried out are written in 
a quasi-natural language and have a simple layout. They 
consist of operating commands requesting the statistical 
programs required, and data definition cards which specify 
the format of the input information and assign full names 
to numbered variables. These may be required to ensure 
that output information can be directly interpreted by 
the layman. General service routines are available 
throughout a job and at any stage between analyses; they 
provide facilities to recode, transform, or generate var­
iables and sample, weight, and select cases. Before car­
rying out statistical procedures data may need modification 
either by a transformation operation or by grouping values 
of continuous variables into discrete categories or some 
other recoding operation (see ref.37) The most useful of 
the subprograms were found to be Codebook and Crosstabs.
In particular Crosstabs allowed consideration of the 
size of components (length and width for plates, and len­
gth and depth for sections) for each production process.
The process itself was determined by the shape character­
istics of the partsj (shown by example in figure 39).
S.P.S.S. was available on the University of Stratliclyde 
computer, and later on the Edinburgh Regional Computing 
Centre (E.R.C.G.) facilities using Glasgow University peri- 
feral devices. The data banks which had been processed 
using the previously described analysis methods were tran­
sferred to magnetic and disc storage files on the Glasgow 
facilities. In addition ship hull component data which 
was collected in the later stages of the exercise was 
directly input to the Glasgow facilities using standard 
eighty columns data cards. Data files were set up for 
each structure group of each ship to allow them to be anal­
ysed individually using S.P.S.S. They could also then be 
grouped into larger structure zones, or even complete ship 
hulls, for various collective analysis exercises.
In a number of cases where S.P.S.S. could not provide 
the desired analysis a short Fortran program was written. 
However, the writing and debugging of a program is time 
consuming and so was kept to a minimum. In most cases
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the program was used to rearrange the data file so that 
the S.P.S.S. package could give the desired results. This 
technique was also used to economise on computing costs as 
it was found that the running costs for the package were 
high. By reducing the size of the working file before be­
ginning S.P.S.S. the running costs of the system were corr­
espondingly reduced.
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Chapter 7 Raw Material Analysis
7.1 Potential material cost savings
Analysis of raw material can result in the reduction 
of shipyard costs by both direct and indirect means. The 
cost of raw material can be divided into direct steel cost 
and indirect (or stockholding) costs which includes hand­
ling, storage, and depreciation costs.
Direct steel costs consist of the basic cost of the 
steel and additional increments which the supplier adds in 
an attempt to persuade the customer to order in size ran­
ges which suit the manufacturing and distribution process. 
For shipbuilding quality rolled steel plate the basic pri­
ce of the steel is given in pounds per tonne for a basic 
size; sizes other than the basic may carry additional ex­
tra price penalties which are again in pounds per tonne. 
Typical price zone tables for British Steel heavy rolled 
steel plate are shown in figure 40 (as at March 1976). (38) 
Steel costs may be lessened by either reducing the weight 
of raw material purchased, or by ensuring that raw material 
sizes are within economical zones of the price structure 
employed. It is theoretically possible to increase the 
weight of a plate and decrease its price, and the British 
Ship Research Association (B.S.R.A.) have developed a com­
puter package (Steel Plate Ordering Technique - S.P.O.T.)(39) 
to exploit these anomalies in the steel pricing system.
The input to the package consists of raw material plate 
sizes which have been previously defined using traditional 
shell and deck plating and component nesting techniques. 
These sizes are increased to decrease the total steel cost, 
the technique also involves the grouping of smaller size 
raw material plates onto larger areas. The technique has 
been used by Robb Calledon of Dundee to optimise their 
steel plate ordering on a total cost basis. However, 
economic advantages gained from a study of these aspects 
are fairly small, chiefly because the size penalties are 
small compared to the basic price. Thus the advantages 
occur only in size tolerances very close to the range div­
isions and under the present price system an investigation 
has little scope for making savings.
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stockholding costs consist of handling, storage, and 
depreciation costs. The historical system of ordering 
a raw material piece with individually specified dimen­
sions to produce a specified component or group of com­
ponents increase the management problems which occur in 
ensuring that the correct raw material is available for 
production when required. This system requires the stor­
age of different size raw material pieces in stacks (usu­
ally by fabrication unit) because of the space limitations. 
This in turn results in restacking operations to ensure 
that individual raw material pieces are available when re­
quired. Thus handling and storage costs can probably be 
reduced by introducing or increasing the use of standard 
size raw material. The introduction of material size 
standards can also result in a decrease in the total amount 
of steel required to be held in stock. This is possible 
because of the increased flexibility allowed in the manu­
facturing operation achieved from the interchangeability 
of raw material. Thus stockholding and depreciation costs 
are also reduced by the increased uses of raw material 
standard sizes. A raw material analysis can be undertaken 
to define the most economic standard sizes and thus reduce 
handling, storage, and depreciation costs. However, the 
degree of standardisation possible can be constrained by 
the increase in ship weight which may result, this is dis­
cussed further in the next section.
Raw material analyses which have been carried out 
have been concerned with information from two sources.
These are directly collected information from existing 
raw material records, and raw material requirements gener­
ated from data describing components which must be produ­
ced from the material itself. Data collected from exis­
ting raw material lists is more accurate than that genera­
ted from component data in that the latter is estimated in­
formation while the former is factual. Existing informa­
tion is easily collected and analysed as all shipyards 
must prepare lists of raw material in order to buy the st­
eel from the producers. These lists can be readily trans­
lated into core-stored data so that computer data proces­
sing and analysis techniques can be employed, this can
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therefore be achieved without any reference to the compon­
ent information. However the existing information is de­
fined and collated by production planners and steel order­
ing personnel from the original component definition, there 
may therefore be more economical methods of nesting and 
ordering the material. Raw material requirements tradi­
tionally defined from component information require systems 
to estimate values of the area of plate or length of sec­
tion, They require further factors to compensate for 
scrap percentages involved in nesting the components and 
'green* material from edges of plates and ends of section 
lengths•
7.2 Standardisation of plates
An exercise has been carried out to investigate the 
possibility of standardising raw material plate sizes, and 
hence ease probable stockyard layout and material control 
problems for SD14 production. This was possible because 
of the availability of the original data bank which was 
collected during the early stages of research. The
data collection format, with raw material information em­
phasised, is shown in figure 41 and consists of the raw 
material mark number and the size of the plate or section.
The raw material mark number was referenced to the struc­
ture group into which it was eventually incorporated by 
means of the structure group number. The raw material 
piece number within the structure group was therefore 
noted in the data record format only, the structure group 
number which was necessary to identify individually the 
raw material piece could be found from the individual compon­
ent number. The prefixes P for plates and S for sections 
were also added to the raw material piece number to aid 
identification and data processing. In addition the dif­
ficulty caused by the fact that several components might 
be manufactured from a single raw material piece was over­
come by, where possible, noting raw material sizes for one 
component record only, and also by noting the number of 
raw material pieces required only on the record in which 
the sizes were noted.
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The data bank was initially reduced by deleting com­
ponent records which had no reference to raw material piece 
numbers required or size, i.e. which had blanks in the re­
levant data card blocks. This was accomplished by using 
the Store and Manipulate (S.A.M.) computer package which is 
fully described in Chapter 6,2.2. An investigation was 
then made into the variety of raw material sizes which ex­
isted in the steel plate lists at that time, this was again 
accomplished by using the S.A.M. computer package. The 
raw material plate data file was fully listed and the total 
number of raw material thicknesses was then extracted man­
ually, and the individual thicknesses noted. The 'print 
all* command was the employed to produce lists of all plates 
of the same thicknesses in ascending order of thickness un­
til all plates had been listed. The counting mechanism 
available in the package was then used to ensure that all 
plate data records had been listed. This allowed visual 
investigation of the pieces according to thickness and was 
kept for reference purposes.
It was decided to attempt to reduce the variety of 
raw material sizes by reducing the number of thicknesses 
and reducing the number of different widths; this would 
involve the definition of both thickness and width 'stan­
dards ' .
a) Definition of thickness standards
The total range of plate thicknesses was listed to­
gether with the number of raw material pieces which 
resulted is shown in figure 42. A visual inspection 
of the table showed that several thicknesses of plate 
required relatively few raw material pieces to be 
ordered. Thicknesses of plate can only be standar­
dised by increasing the present values if they are 
decreased the 'scantlings* or structural strength 
of the ship can be adversely affected. It was there­
fore necessary to replace the thicknesses which were 
not often required by increasing them to the next 
* popular' size. However an increase in ship weight 
would result which would be detrimental to the oper­
ating performance of the completed vessel. The 
weight increase would also result in a higher steel
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TABLE I
STEEL PLATE STANDARDISATION -  THICKNESS (BELOW 25.5 mm)
Thickness 
. (mm)
Number
of
Plates
Total
Weight
(Tonne)
Thickness
Increase
(mm)
Resulting 
Extra Weight 
(Tonne)
Alternative 
Thickness in­
crease (mm)
Resulting 
Extra Weight 
(Tonne)
6 .0 7 1.29 0.5 .107
6.5 170 88.76 Standard
7 .0 12 9.06 0.5 .647
7 .5 131 90.71 Standard
8 .0 32 25.95 Standard *
8 .5 15 11.73 0.5 .690
8 .7 13 13.79 0.3 .476
9 .0 40 32.44 Standard
9 .2 4 2.35 0.3 .076
9 .5 62 52.13 Standard
9 .7 1 1.T7 0.3 .036
10.0 208 215.42 Standard
10.2 13 12.84 0.3 .378
10.5 86 112.33 Standard
11.0 152 133.98 Standard
11.5 69 94.72 Standard
11.7 4 5.83 0.8 .399
12.0 12 13.70 0.5 .571
12.2 8 7 .80 0.3 .192
12.5 145 156.05 Standard
12.7 47 48.01 0.3 1.134
13.0 42 62.40 Standard
13.5 32 • 46.30 Standard 0 .5 1.73
13.7 6 5.64 0.3 .123
14.0 70 126.68 Standard
14.5 14 18.81 0.5 0.648
15.0 84 188.40 Standard
15.2 1 1.73 0.8 0.091
15.5 8 12.09 0.5 .390 ,
16.0 32 53.51 Standard
16.5 6 5.33 1.0 ,323
17.0 12 32.01 0.5 .. .941
17.5 50 155.15 Standard
18.0 62 168.34 Standard
18.5 16 24.42 Standard 1.0 1.320
18.7 1 1.52 -  0.2 -  .016 0.8 0.060
19.0 13 12.76 0.5 .336 0 .5 0.340
19.5 7 21.00 Standard
20.2 1 2.12 0.3 .031
20.5 2 3.10 Standard
25.0 1 0.35 0.5 .007
25.5 15 30.94 Standard
Totals 1706 2102.47 7.580
Original number of thicknesses =
Proposed number of thickness standards =
Increase in steel plate weight =
42
21
0.36% of steel plate
Figure 42 Proposed standard plate thicknesses 
and resulting weight increases
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cost and increased labour costs where labour bonus 
systems are based on steel weight throughput. Be­
fore defining standard thicknesses a check would 
have to be made that the steel weight was not ex­
cessively increased.
Two fortran programs were devised to calculate the 
total weight of plate of a specified thickness and 
the increase in weight of plate caused by increasing 
a specified thickness by a specified amount. The 
formula used in the first program to calculate the 
total weight value of a specific weight record is 
given by;-
V = volume of plate x density x number of plates 
required (where volume = length x width x thickness)
The individual plate reoord weights were summed to 
result in a total weight for that thickness*
The second program for calculating the extra weight 
caused by thickness increase requires a data subset, 
of the plates required of the thickness to be increa­
sed. Temporary data files were prepared for each 
thickness by duplicating the raw material file and 
then deleting all records other than those of the 
required thickness. The temporary files were then 
used as input for the weight calculation program. 
Following development of the individual thickness 
data subset the thickness increases required were 
input into the program. The program was then re­
peatedly run. Output consists of the weight in­
crease for each raw material plate record and the 
total weight increase, for the specified thickness 
increase. The complete table showing present thick­
nesses, plate numbers, and proposed standard thick­
nesses, together with present weights and weight in­
creases is shown in figure 42 It can be seen that 
the total number of thicknesses can be reduced from 
42 to 21. This is achieved at an extra cost of 
7*580 tonne of raw material plate or (deducting 15/^  
scrap) 6.445 tonne finished ship weight, an increase 
of 0.4^ An alternative set of standard thicknesses 
were also considered which reduced the number of
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thicknesses further to 19 at a further steel weight 
cost of 3.45 tonne, these are included in the table. 
As already stated material thickness has been increa­
sed only, but it may also be possible to decrease 
that of certain low stressed parts (i.e. partition 
bulkheads, auxiliary seats) thus reducing the propo­
sed weight increase. It may also be possible to in­
crease the number and size of lightening holes where 
material thickness is increased. Both these exer­
cises can only be carried out under the guidance of a 
naval architect as they affect the structural stabi­
lity of the ship,
b) Definition of width standards
Programs were also devised to aid in the definition 
width standards and thence to determine the weight 
increase which would result. The first program 
allows the user to print out plate orders for mater­
ial of a defined thickness in width size ranges which 
have incrementally increasing limits. The thickness 
is specified by the user who changes the relevant 
statement before running the program, thus listings 
are produced with each program run for one thickness 
only. The width limits of each range are generated 
by the program itself. The initial range is defined 
as 500 — 600 mm and with each operation of a program 
loop these are increased by 100 ram an upper limit of 
3000 mm is imposed on the lower range boundary. The 
ranges are initially printed and any raw material 
orders which fall into the range category and are of 
the thickness specified are printed under the range 
limits, A listing was produced for each thickness 
of plate which was present in the raw material data 
collected. It was noted that the lists gave a good 
indication of plates which could be grouped together 
on a length or width basis in order to increase the 
size of the raw material piece. For example the 
plates below could possibly be combined before any 
standardisation program begins:-
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DH4P26 size 2740 x 925 x 6.5
and DH4P17 size 3660 x 1080 x 6.5
combined to give size 5400 x 1080 x 6.5
.{Care should be taken in this procedure to ensure
that the material pieces are from the same structure 
group, otherwise practical problems of storing the 
resulting components for long periods between cut­
ting and erection will occur.)
The listings were then inspected visually for indi­
cations of possible useful standard width sizes which 
were just larger than a large group of 'natural order 
widths'. Following inspection arbitrary widths were 
selected as standard for each thickness. This was 
done for each thickness, as raw material stockpiles 
are required for different thicknesses. The width 
standards were therefore within the previously de­
fined thickness standards (or vice versa), by using 
this procedure the resulting increases in steel 
weight were less than those occuring when the same 
standard widths were applied across the total steel 
order system.
A program was then written to find the increase in 
weight which would result by using these standards 
widths. The basic principles employed in the program 
were that the data record specified width was compared 
to an upper and lower standard width and if it fell 
between them the data record was listed the weight 
was calculated and added to a running total. The 
weight of the plate when the width was increased to 
the upper standard was also found and added to a 
second running total. Following investigation of 
each data record the total weights of the original 
and the proposed material orders were printed.
The program originally envisaged employed the full 
raw material data bank and selected a pre—specified 
thickness of raw material, however it was soon rea­
lised that this procedure was expensive in terms of 
computer running time. Therefore prior to running 
the program it was proposed that the user would re­
duce the size of the data bank by creating a temporary
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duplicate data bank and deleting records other than those 
of the thickness required. This process has been described 
previously.
Following the development of the programs described 
in this chapter it is possible to closely analyse the exis­
ting raw material plate orders for a series ship. It is 
also feasible, where material orders are prepared at an 
early enough stage of the production process, to carry out 
a similar analysis for one off or short series ship produc­
tion, From these analyses attempts at standardisation or 
order sizes using the existing plating and nesting arrange­
ments are feasible. The existance of a full data bank 
with component and raw material information is not necess­
ary to attempt the analysis and standardisation procedure. 
However the raw material orders must be prepared in a form 
which allows computer data processing techniques to be em­
ployed. The general procedure which it is envisaged will 
be employed will be that first plate thicknesses will be 
standardised using the programs described in section (a) 
and then within these widths will be standardised using the 
programs described in section (b). The standardisation of 
plate lengths has not been investigated as it was assumed 
that the machinery employed in steel rolling mills (flying 
shears) would allow varying lengths of plate to be purchased 
with little difficulty, however the problems of stockholding 
and marshalling will still arise.
A full analysis of the SD14 was not carried out but 
the feasibility of employing standard plate thicknesses 
was looked at in depth and the full weight extras involved 
were calculated, these included scrap and ship weight pro­
portions, A further exercise involving plate thickness 
value 6.5 mm was completed to standardise plate widths, 
and the increase in scrap weight was calculated. It was 
thought that a full analysis should be undertaken by ship­
yard personnel with first hand knowledge of the practical 
problems involved, A summary report (appendix D) was 
therefore prepared and distributed to the two U.K. ship­
yards who were building or preparing to build the SD14 
vessel, these were Robb Galledon (Dundee) and Austin and 
Pickersgill (Sunderland)
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The abbreviated data bank containing raw material 
information only (both plate and section) was also used to 
prepare data for a South American company who were to pro­
duce the SD14 under licence. This data was prepared to 
enable early bulk steel ordering from countries outside 
that of the manufacturing company to overcome the problems 
involved in transporting it. The data was listed categor­
ically (by thickness and width for plate, and section type 
and size for sections) and supplied to A, and P, Appledore 
who were dealing with the commercial aspects of the licen­
cing agreement. It was possible to do this quickly and 
efficiently using computer data processing techniques 
available on the Strathclyde University Honeywell time sha­
ring system, and a remote terminal situated in Newcastle 
upon Tyne with a G.P.O, telephone connection. The exercise 
proved the value of a computer stored data bank for ease of 
processing and the speedy retrieval of information when re­
quired quickly.
7.3 Estimation of Section Material Requirements
Raw material analyses have been carried out for sec­
tion material for both the SD14 and the B26 vessels, both 
now under construction at the Southwick shipyard of Austin
and Pickersgill. The analysis served three purposes;-
i) The estimation of the amount and type of section 
material required for ordering purposes.
ii) An estimation of the extra steel stockyard
requirements for section storage caused by an
increase in production rates (i.e. faster 
building cycle).
iii) The calculation of the transport and material 
handling facilities required for handling sec­
tion material in a new shipyard design.
The approaches taken when analysing the raw material 
requirements for the SD14 and B26 vessels varied with the 
differences in content and format of information available 
in the respective data banks. A full listing of the in­
formation covering existing section raw material orders 
was available for the SD14 in the data bank which was coll­
ected in the early stages of the project. This described
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section components and the raw material they were derived 
from in a manner similar to that described for plate parts 
in the previous section. In addition the absolute values 
of three cross-section dimensions was available, these in­
cluded the thickness and the primary dimension from the 
component size description, plus a secondary dimension from 
the raw material size description. The thickness, primary 
and secondary size definitions varied between types of sec­
tion and examples for more common cross-sections are shown 
in figure 43. In many cases (flat bar, bulb flat) the 
secondary dimension was not necessary and so the primary 
dimension was repeated in the raw material size, this eased 
later analysis exercises. Thus a detailed analysis of the 
section raw material requirements for the SD14 was possible.
The data bank describing the hull of the B26 contained 
component and assembly information, but no raw material data. 
At the time of data collection the B26 was still at the pre- 
production stage; one vessel had been built several years 
previously and the ship drawings were available but the 
material lists were not at hand and in any case would pro­
bably have been misleading due to metrication of order 
sizes. The component information was stored using the de­
scriptive classification and coding system which was develo­
ped during the project. The number of components required 
in the relevant assembly, the number of assemblies in the 
ship, and the absolute thickness value of the material were 
also available in the data bank. By aggregating the pro­
ducts of the number of individual components required in 
each section of ship the total number of individual compon­
ents could be arrived at.
The section dimensions available from the B26 data 
bank consisted of the absolute thickness and an approximate 
depth and length only. The latter information was avail­
able from the size range digits included in the classifica­
tion code, an approximate value of the thickness was also 
available from the code but this was made redundant by the 
absolute thickness available elsewhere in the data record. 
The analysis for the B26 was therefore based on component 
information from which material order lists would later be 
devised in the traditional shipbuilding method. The ana-
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lysis was less detailed than that for the SD14 because 
less accurate descriptons of section sizes were available, 
however by this method options to standardises material 
sections at a later data were still possible.
a) SD14 section analysis
A full analysis of the existing SD14 section mat­
erial lists would have been possible in a manner 
similar to that described for plates (section 2 
of this chapter). However it was realised that 
with the proposed change in building method and 
fabrication arrangement (unit breakdown) the raw 
material section requirements might change radi­
cally. The section cross-section types and sizes 
would still remain the same to achieve the same 
structural strengths in the ship, but the lengths 
of section raw material pieces might change with 
the alteration of unit boundaries and correspon­
ding length of units. However the total length 
of each section type and size would remain the same 
although a different number of pieces of different 
length might be ordered. It was therefore decided 
to present section material information as total 
lengths required for cross-section sizes within 
cross-section types. Fortran programs were written 
to sum the raw material length for different com­
bination of section type, thickness, width, and 
depth. The flow diagram for the process is shown 
in figure 44 and the results of the analysis are 
shown in appendix E
From the listings of section sizes it can be seen 
that several fractional metric sizes are requested 
(i.e. flat bar 6.4 mm, 10.2 mm, 12.7 mm), this is 
most probably caused by a direct conversion from 
imperial to metric units at some time previously. 
There is also a wide range of stiffening sections 
employed many of which require a total length of 
less than 20 M, the table in figure 45 shows the 
extent to which this occurs for flat bar, bulb flat 
bar, and angle sections less than 25 mm thick. It 
is therefore obvious that scope is present for stan-
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dardisation of section including in certain cases 
the replacement of one section type with another 
of similar modulus or strength characteristics.
This may involve slight modifications to panel 
stiffening arrangements where a section of higher 
or lower modulus is applied, but in all cases the 
total weight for equivalent assembled panel or mem­
ber strength will be the governing factor. The 
listing of total length of material needed high­
lights the sections which may be replaced and forms 
the basis for standardisation following more detailed 
structural analysis by a Naval Architect.
Following compilatation of the total length of each 
type and size of section required an estimate of the 
number of section material pieces to be stocked dur­
ing the building of the ship can be carried out.
This can be achieved by dividing the total lengths 
by the average length of raw material pieces, this 
may be derived historically or by investigating the 
longest stiffening lengths required from the unit 
breakdown which is proposed. This was done for 
the SD14, where the immediate production process 
following section treatment was also derived from the 
descriptive code number. Thus the number of raw 
material section pieces required from the stockyard 
and- the workshop areas to which they are despatched 
is found. The results of the exercise is shown in 
figure 46.
b) B26 analysis
A similar analysis was carried out for the B26 bulk 
carrier which was about to be produced by Austin and 
Pickersgill. A similar technique was employed to 
that used earlier for the SD14, however as previously 
specified the descriptive code number of the compon­
ents and number of each component required was avail­
able. The total length of section required for each 
type of section was found using the flow chart pre­
viously shown in figure 44, but in this case code 
digit values for section depth rather than absolute 
values were input into the process. The midpoints
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of the length ranges were used to estimate the 
length of each individual component and these 
were then aggregated, the accuracy involved when 
using the range midpoints is discussed in section 5.2.3. 
Thus the values obtained were comparable with those 
for the SD14 for section type and thickness, but 
were not as accurate for depth and length where 
size ranges and midpoints were employed.
An analysis was carried out for each structure group 
of the B26 (this can also be done for the SD14)
The total length of section involved for each 
structure group was divided by the length in which 
it was proposed to purchase the material to give 
the number of section lengths to be bought, stored, 
and transported. The analysis was made while the 
component data bank was still in process of being 
collected and was required urgently to enable mat­
erial handling facilties in the proposed shipyard 
workshops to be designed. Estimates based on sam­
ples were therefore used for three structure groups 
for which the data banks had not been completed.
The resulting table which was presented to A,P. 
Appledore for use in the design of the new ship­
building facilities for Austin and Pickersgill is 
shown in figure 47
7.4 Influence of standardisation on design
Analyses described so far have been chiefly concerned 
with existing raw material and component lists for the SD14. 
However in order to achieve the greatest benefits from raw 
material standardisation efforts must be made to use stan­
dard sizes in the detail design of a ship. This must be 
attempted particularly in the definition of fabrication 
arrangements and specification of plating arrangements for 
large panels, and in the nesting of both plate parts into 
rectangular sizes and section parts into specified lengths.
The correct selection of standard sizes prior to their 
incorporation into the design system is necessary to ensure 
that maximum advantages are obtained. Factors to be con­
sidered can be divided into manufacturing constraints which
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apply specific limits to the standard sizes and cost 
aspects which must be optimised. Shipyard constraints 
will generally define upper limits of standard sizes which 
are feasible in a particular shipyard, they include
a) Stockyard material handling facility limitations 
(weight, length, width allowed)
b) Shotblast and paint treatment plant capacity 
(usually convey or width)
c) Flame cutting machinery bed size
d) Roll bending, forming and guillotining machinery 
size limitations
Cost aspects will be general to the shipbuilding industry 
and will include
a) Steel suppliers pricing system (see section 1 
for British Steel price zoning)
b) Extra welding costs incurred by using smaller 
plate sizes
c) Possible savings by bulk buying of standard sizes 
made possible by having fewer but larger stock 
piles (after depreciation and/or inflation con­
siderations )
Having investigated shipyard constraints which apply 
certain limitations to the selection of standard sizes, cost 
exercises must be undertaken to optimize the standard sizes 
chosen. The standard sizes must also be frequently checked 
for updates which may be necessary due to either changes in 
constraints, such as the addition or modification of plant 
and equipment, or changes in steel market conditions.
The specification of plating arrangements using stan­
dard size plates is preferably decided at the fabrication 
arrangement definition stage, when the ship design is broken 
down into structural units which may be constructed and wel­
ded in workshops and then transported to the berth where 
they are assembled onto the ship. Here the unit size should 
be designed so that incremental numbers of standard plate 
and section lengths and plate widths can be used in the as­
sembly of the panels forming the unit itself. Factors
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which seem to have been of prime importance previously 
have been the design of a unit which is a 'natural' trans­
verse ship division of flat panel or box structure, and an 
integer factor of a functional area of ship for longitu­
dinal division. In the case of many of the 'natural' 
transverse units it is necessary to design their length 
such that they are self standing when being erected.
Such units include upper deck units which must stretch 
between or balance upon bulkheads to avoid the use of 
support fixtures on erection. However many transverse 
units (such as double bottom, bilge or hopper tanks, or 
possibly side shell units) are naturally self supporting 
on berth erection and so do not need to be designed as an 
integer factor of hold length. The units defined using 
these principles have then been checked against lifting 
capacities within the shipyard and in certain cases have 
been combined where possible within the assembly workshops.
A major move has been made in the last ten years to 
increase the unit size to be erected on the ship to the 
maximum practically possible in an attempt to ensure that 
as much assembly work as possible is completed in workshop 
areas, here it may be done more economically than on the 
berth. However this trend has conflicted with the tra­
ditional idea of using an integer factor of hold length 
and keeping all transverse units the same length to achieve 
neatness of fabrication arrangement. As a result of these 
conflicts it has been very difficult to utilize standard 
sizes of plate length and width when plating arrangements 
for the panels are defined, even when standard sizes are 
previously specified.
The outline of a proposed system of using standard 
size plates in the definition of fabrication breakdowns 
for the holds of cargo vessels and tankers is as followsî-
1 Define transverse unit breakdown using natural
unit boundaries (changes of stiffening arrange­
ment, flat panels, and box structures) and various 
plating arrangements using standard plate widths.
The best plating arrangement is selected, i.e. 
that which results in minimum scrap or requires 
least number of weld seams.
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2 Define longitudinal unit length for each trans­
verse ship division using the largest possible 
standard length of plate. This must also be ’ 
within the maximum possible unit length cons­
trained by the lifting and transport limitations 
of the shipyard.
An example of fabrication definition for the double 
bottom units of a cargo vessel is shown in appendix p.
During the first stage of the procedure outlined above 
several plating arrangements for both the shell and tank 
top will be defined by or automatically presented to the 
designer. This will be done using computer programs 
which will investigate the possible combinations of stan­
dard plates across or around each complete double bottom 
surface (between apexes) and will point out the overlap or 
scrap resulting. The designer will then select the plating 
arrangement which he prefers and will then derive the break­
down of the complete double bottom cross section into trans­
verse units based on the plating arrangement. He will then 
calculate the maximum length of unit possible within the 
shipyard constraints and will select the greatest practical 
length which will contain an integer number of standard 
plate lengths within this. This will possibly result in 
differing lengths for what would previously have been simi­
lar port and starboard units due to different lifting capa­
cities across the berth width. Other factors such as pre­
outfitting and changes in plate thickness or material will 
be considered, Pre-outfitting considerations in cargo
holds will chiefly concern the maximum length of unit within 
the shipyard lifting constraints, and not the definition of 
unit length within this. Thickness and material changes 
will possibly determine certain seams in transverse panels, 
in practice sub-dividing them into smaller panels. In 
general however the area of thicker or stronger material may 
be slightly increased to cover a previously defined standard 
plate width,
Work is continuing at the British Ship Research 
Association on the development of interactive computer 
design systems to define fabrication breakdowns using stan­
dard steel plate sizes. Computer programs are being devel-
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oped which will present the detail designer with infor­
mation to aid in his decision making, although the final 
decisions will be tempered with his judgement and practi­
cal knowledge.
The use of standard plates in definition of nesting 
arrangements for plate components differs from panel plate 
arrangement in that the parts themselves are usually pre­
determined by structural boundaries. Thus items which are 
to be nested are of a definite shape and size and must be 
grouped together to result in steel plate orders in the 
most economical way. Traditional nesting techniques are 
mainly manual and involve the positioning of scale tem­
plates of the necessary parts within an encompassing rec­
tangle, This function is usually undertaken by the Mould 
Loft department who will then produce dimentioned raw mat­
erial plate drawings for hand mark out and flame planed or 
guillotined parts, or a tenth scale drawing or N.C, tape 
for profile cutting. The traditional cost measurement 
used when comparing nesting arrangements is nesting effi­
ciency, which can be defined as
area of components .
total area of material plate
Thus the benefits obtainable by exploitation of 
steel purchasing systems and standard sizes are not con­
sidered.
Computer developments include the automatic produc­
tion of tenth scale drawings or N.C. machine tapes from 
previously determined nesting arrangements which are re­
corded using a reference point on each component contour 
and an orientation of component. This system is employed 
in most computer design systems including Britships (B ,S,R, A, )(40) 
and Autokon(4l), These systems retrieve pre-specified N.C. 
descriptions of each component which is to be nested from 
a data bank and positions them on the 'plate*. The nesting 
operation, however, is still Tn&nually orientated although 
the accuracy of the final description is improved by the 
use of computers. An alternative nesting technique, 
Compunest^^^^developed by Compubise Inc. of New Jersey U.S.A. 
is a fully automatic nesting technique which has shown 
good results with rectangular parts in structural engineer­
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ing, but which has not generally been as efficient as 
manual nesting. The system does however allow the defi­
nition of a maximum length and width into which the parts 
are allowed to be nested. Further work in Japan and the 
U.K. have concentrated on man/machine interactive methods, 
using the machine to arrive at a 'near optimum' solution 
and adopting human intuition and experience in the system 
to improve nesting efficiency. The Japenese systems in­
volve the use of component and nesting data files as em­
ployed in the Britships system. From a survey of nesting 
system it was therefore concluded that the intuitive human 
aspects involved cannot be totally replaced, and that inter­
active computer nesting systems will continue to be devel­
oped in the future.
The traditional method of measuring nesting efficie­
ncy of comparing the used material with total area employed 
(including scrap), as already stated, does not always 
achieve the aim of optimising cost aspects. It is there­
fore proposed that two steps should be introduced in nes­
ting operations to achieve this aim, these are the use of 
a cost template to nest into, and the use of total material 
cost rather than used area percenta’ge as a measure of nest­
ing efficiency,
a) Cost template
As specified in section 1 of this chapter the 
cheapest size of raw material plate from British 
Steel is one which is between 2.25 and 2.5M wide 
and 4.0 and 8.CM long, the price extras chart is 
shown in figuredO It is therefore proposed that 
where possible components are nested just within 
the lowest (or basic)size rectangle, the nesting 
procedure employed is demonstrated in figure 48 
Where it is impossible to nest within this rec­
tangle due to the dimensions of one of the com­
ponents then the limits of the next price zone 
should be used as the rectangle to be nested into.
Thus the higher limits of the price zone system 
above the basic sizes will become standard sizes.
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Figure 48 Nesting procedure using a standard size 
template and total steel costing system
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b) Total costing system
This will involve the calculation of total material 
cost for the nesting of all parts forming a work 
batch for release to the shopfloor. This will in­
clude both the material cost from the steel mills 
plus the cost of setting up the total batch on 
machines minus the price gained for scrap.
Thus
Total = Material Cost - scrap return (number of)
Cost (sum of each) (plates x
(plate cost ) (^ of total) (Set up
(cost per 
(plate
The total cost will be easier to calculate than 
finding the scrap percentage for each raw material 
plate and will result in a more accurate efficiency 
indication. It will also allow a comparison of 
cost of nesting arrangements for entire component 
work batches; the optimisation of nesting arrange­
ment for individual plates does not necessarily re­
sult in an optimum arrangement for the total require­
ments .
These proposals may be implemented for both traditio­
nal manual nesting methods and the interactive computer 
nesting systems which are still in process of development. 
Further developments are proposed as part of the Structural 
Ship Design System (S.S.D.S.) project at B.S.R.A. into the 
design of nesting systems based on these principles. The 
approach taken here is to quickly develop several alterna­
tive nesting arrangements which can then be cost analysed 
using computer systems, the least costly will then be 
selected.
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Chapter 8 Component analysis exercises
8.1 Types of analysis
Three types of component analysis were undertaken; 
complete ship hull analysis, ship hull analysis by manu­
facturing structure groups, and analysis of the ship hull 
with consideration given to the work scheduling of compon­
ents. The methods used for the first two types were simi­
lar and only the scale of analysis was different, for this 
reason these were termed Macro and Micro analyses respec­
tively. The third type of analysis employed the results 
of the second type and a building program for the relevant 
ship to calculate the amount of work on the shop floor at 
any one time.
The results of the Macro analysis are chiefly of value 
to the British Shipbuilding Industry and the machine tool 
manufacturing companies who supply shipbuilding equipment. 
They enable comparisons to be made of different types of 
ship and the effort involved in building them. Micro 
analysis results are of value in the design of steel pre­
paration workshops for the building of specific areas of 
the ship, this is particularly important with the develop­
ment of ship factories and specialised piecepart and 
assembly lines (see Chapter 3) They are also necessary to 
carry out the third type of analysis which is of value to 
investigate work scheduling and loading over the building 
cycle of the ship, and which leads to more even work balan­
cing.
An analysis was also undertaken to find component fam­
ilies which can be manufactured using group technology 
methods.
8.2 Complete ship hull analysis
Initial analyses of the components comprising a total 
ship hull were undertaken for a 5000T DWT dredger from 
Ailsa Shipbuilding and Engineering (Troon) and a 14000T 
D'/T cargo ship (the SD14) from Austin and Pickersgill 
(Sunderland), The results of the analyses were made Itnown 
to the companies and the results from the dredger were des­
cribed more fully in a paper presented at Strathclyde 
University, Glasgow (4-3). An analysis of the
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components comprising individual manufacturing structure 
groups of the dredger was carried out simultaneously to 
the complete hull analysis, this was included in the paper 
and is described further in the next section. In the 
later stages of research an attempt was made to devise a 
standard set of statistical tables which would follow gen­
eral manufacturing practices and be of direct value to the 
industry. These tables will be compiled for each ship for 
which a component data bank becomes available, to date they 
have been prepared for two ships.
a) 5000T DWT Dredger analysis
In the analysis of parts for the Ailsa dredger it was 
found that 8532 parts existed and that 54ÿo of these were 
produced from plate with 46^ from section. Further anal­
yses are segregated into those dealing with plate compon­
ents and those describing distributions of section piece- 
parts, this is to follow normal manufacturing practice 
where different production techniques are involved. In 
each case shape features are investigated as a direct indi­
cation of the production processes which will be involved 
in manufacturing them. The main operations which were 
indicated by the shape code digits were cutting, forming, 
and drilling.
All plates were analysed for similar characteristics 
of their 'shape before forming' and figure 4 9 gives the 
results for the entire ship together with thickness and 
length distributions. Figure 50 shows the percentage dis­
tributions of shape after forming and auxiliary operations 
for both orthogonal plates and those having curved sides.
The main production features of the plates have been 
divided into five categories according to their shapes 
before forming:-
a) Three sided plates )
b) Four sided plates ) all sides straight
c) More than four sided plates )
d) One side curved ) at least one
e) More than one side curved ) side curved
The number of three sided plates was very low (0 .3^ u) and
most of these were used for brackets and supports made as 
required during assembly by welders. They therefore have
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Figure 50 5000T d.w.t. dredger hull analysis;
distribution o f :-
a) forming and auxiliary operations 
for orthogonal plate components,
b) forming and auxiliary operations 
for non-orthogonal plate components.
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an insignificant effect on production organisation.
Four sided straight plates were the biggest single 
group comprising 39^ of the total. This group included 
rectangular plates, plates with one or two square corners, 
and plates with no square corners. Of these only 16^0 were 
formed and 38^ é required auxiliary features such as holes 
and slots. Therefore at least of the four sided plates
or a minimum of 20fo of the total number of plates in the 
whole ship had no forming or auxiliary features.
Plates with more than four sides made up 30^ of the 
total number of plates for the ship. Once again forming 
was only required on 1 0^ and auxiliary features on 3 3^ of 
these. Thus again at least 53^ of these plates or a mini­
mum of of the total plates for the complete ship do not
require any forming or auxiliary operations.
Curved plate analysis showed different figures. In 
the case of plates with only one curved side 8^fo were formed 
and 645  ^had some auxiliary features. Therefore a smaller 
percentage required no forming and no auxiliary features. 
Plates with more than one side curved comprised only 5% of 
the total number of plates, and of these 57% were formed and 
24ÿo had auxiliary features. Therefore the number of plates 
with more than one side curved, but no forming or auxiliary 
features, is insignificant.
An analysis of the two important categories of plates, 
orthogonal and non-orthogonal, gives the following figures
Total No. No. of Plates No. of plates 
with auxiliary 
features
of Plates formed
Orthogonal 73?i (3294) llÿG 35%
Non-orthogonal 27f« (1261) . 23^ 65%
It can be seen that although the total number of non- 
orthogonal plates was only 39^ of the orthogonal, their 
work content in terms of forming and auxiliary features is 
nearly the same. The number of plates requiring crossed 
bending is also much higher in the case of non-orthogonal 
shapes. Only 8 orthogonal were cross bent compared to 
1 0 3 non-orthogonal shapes. The making-off work content 
of the non-orthogonal plates was also substantially more
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than that of the orthogonal ones.
From the thickness and length distributions for the 
whole ship (figure 49 b & c) it can be seen that over 85% 
of the total number of plates are less than 12.7 mm (0.5 
in) thick. In addition at least 80^ of the plates are 
less than 3600 mm (12'0") long and over 25% of plates are 
less than 600mm (2*0”) long. As many of the latter com­
ponents are brackets and stiffeners these sizes and percen­
tages can be an aid in the evaluation of machine tool capa­
city requirements, such as the bed length of a guillotine 
or an edge preparation machine. Such data can also help 
to determine the type and capacity of mechanical handling 
equipment requirements between work stations. It can also 
be used to calculate floor space requirements for storage 
between operations.
Sections were analysed by type and then each type was 
individually investigated, the distribution of section type 
is shown in figure 51 . Figure 52 shows the length distri­
bution of the three main types of section and the section 
profile distribution for the complete vessel. Tables in 
figure 53 give the percentage breakdown of sections before 
and after forming respectively.
Figure 51 gives an analysis of all sections in the 
ship by their respective types. It can be seen that flat 
bar, bulb flat bar, and angle make up 98^ of the total, and 
other sections such as channels, solid sections, and pipes 
account for the remaining 2%o Flat bar is the most widely 
used type of section, accounting for 57^ of the total num­
ber of components, with angle 23^ and bulbflats 18% The 
number of auxiliary features such as holes and slots re­
quired on all types of sections is very small; less than 4fi> 
of the total number of components required some form of aux­
iliary operation.
Tables in figure 53 show that 40% of flats have non 
square corners and 11% require forming. In the case of 
bulb flats 56% have non square corners and 37% require ben­
ding, with similar figures of 32% and 6% for angles. The 
number of bent components from bulb flats is much higher 
than that for flats and angles, and the work content in 
itself is also greater. Bending of flat bar can be carried
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out oil a benching roll press whereas bulb flats and angles 
require a special cold frame bender. Therefore it is pos­
sible to divide all sections into two categories:—
a) flats and other sections, and
b) Bulb flats and angles
All sections require some simple marking-off, and cutting 
is simpler than for plates.
An analysis of the dimensions of components made from 
flat section showed that 70^ 6 are less than 2000 mm (about 
7 ' 0" ) long and over 75^  ^are less than 152mm (6") wide and 
12,7mm (0.5") thick, A similar analysis for bulb flats 
gives figures of 24^ (less than 2000mm long) and 39^ (less 
than 152 mm vide) with 88^ o and 48^ respectively for the 
heavier and longer sections and as most bending is also 
carried on bulb flats their work content is correspondingly 
higher. This basic data, as for plates can aid the selec­
tion and organisation of machine tools, material handling 
equipment, and the allocation of floor space.
The analysis was undertaken in the early stages of 
research using card sorting techniques and the S.A.M, 
package. Although production influences were considered 
to some extent, the outline shape, the auxiliary features, 
and the edge preparation of the part were treated as separ­
ate factors and investigated as such. This was probably 
justified in the shipyard involved which employed low tech­
nology production processes including hand burning, here 
the outline shape could be cut independently of slots, 
holes, nibbles etc. It was later found that in higher 
technology shipyards the interaction between outline shape, 
holes and slots, and edge preparation defines the complexity 
of the cutting path required, and hence determines which of 
the alternative cutting operations normally available will 
be employed. Shortly after the analysis Vilsa Shipbuilding 
invested in a tenth scale optical cutting machine which would 
radically influence the manufacturing function, and would 
have altered the analysis techniques used. In addition 
square cornerd plate parts are easier to set up for flame 
planing or guillotining than non-square cornered parts, this 
was not reflected in the analysis. In later analyses
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greater emphasis was placed on consideration of combinations 
of outline shape, auxiliary features, and edge preparation 
as Indicated by digits 1, 2, 4, and 5 of the descriptive 
code, this is described in detail later. However, the 
analysis was of value in the development of analytical tech­
niques and methods of presentation of results.
b) 14,000 Ton D.W\T. cargo vessel (SD14)
The initial analysis of the SD14 cargo vessel was made 
known to the company in a report following full ship hull 
data collection and investigation. In addition to the sta­
tistical analysis attempts were made to divide the total 
component population into families having similar characte­
ristics. This would enable investigations to be made later 
into the feasibility of setting up manufacturing cells in 
order to produce similar components under group technology 
principles (see 8.5). This is reflected in the presenta­
tion of results and in particular in figure 54.
The analysis techniques used were similar to those em­
ployed on the Ailsa dredger, this involved initial segregation 
into plates and sections to follow manufacturing practice.
The total number of pieceparts which form the hull of an 
SD14 was found to be 12,951 of which 51.3^ are made from 
plate and 48.7^ from section, a summary of the statistics is 
shown in figure 54. The type of sections used are summar­
ised in figure 55 and it can be seen that numbers of compon­
ents made from flat section, bulb flat section, and angle 
section are roughly in the same proportion (about 30^ each). 
However, it is found that bulb flat and angle have twice the 
probability of being formed than flat sections. Other 
rolled sections make up 4.5^ of the total number of section 
parts, with solid bars accounting for only 0.6%
77.4% of all plates have straight sides (orthogonal 
plates), of these 14,3% were formed and 43% had auxiliary 
features (such as holes and slots). Of the remaining 22.6% 
of plates having at least one curved side, 17,8% were formed 
and 62% had auxiliary features. Thus the curved sided or 
non-orthogonal plates are generally more complex than the 
orthogonal. The breakdown of types of forming carried out 
on plates are shown in figure 56, together with the break­
down of auxiliary features. Most forming consists of a
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simple flange and components found having this are usually 
beam knees and stiffening brackets. Many formed components 
have more than one flange (10,8^) and a similar number {^ 2fo) 
have a bend of single roll line (these are of course, shell 
plates). Most of components having auxiliary features 
consist of either small water ducts (side or corner nibbles 
29fo) or large burned holes (30.7?^) for a manhole or pipe 
ducting.
The results of the initial SD14 analysis have only been 
summarised here as a later, more detailed analysis was car­
ried out. This followed further refining of the steelwork 
code and greater consideration of production factors. This 
led to the development of a standard set of statistical 
tables based on the intereaction of component shape and pos­
sible production methods. The development of these stan­
dard tables is described in the following subsection.
c) Standard statistical tables
Standard statistical tables have now been devised to 
present a macro-analysis for any ship where a component 
data bank has been compiled in a form similar to that 
devised in the research project. The data analysis me­
thod used to compile the statistical tables was the S.P.S.3. 
package which is described in Chapter 6.2.4. This was used 
to find the number of components which existed in each cat­
egory, these were then presented as percentages of the total 
number of parts comprising the ships hull by using a short 
Fortran program.
The statistical analysis results are presented in such 
a way that the relationship between the final component shape 
and the best manufacturing method is emphasised. Although 
the component descriptive code is shape based, consideration 
was given to this manufacturing relationship during its de­
velopment. In practice in many cases literally the only 
method of manufacture can be determined from the shape of 
the component. In other cases all possible methods of man­
ufacture will be determined by the component shape. With 
the most economical method then defined by the shape com­
plexity or size. As an example, consider plate component 
shape cutting. There are four fairly standard shipyard 
methods - guillotine, flame plane, profile cut, and hand
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burn. The method, or combination of these methods used 
to produce the cut shape of a component will be determined 
by the overall perimeter shape of the component (digits 
one and two of the code), the number and type of holes and 
slots (digit four) and possibly the edge preparation (digit 
five) depending on the facilities of the individual ship­
yard, A simple rectangular plate component with no holes 
or slots or edge preparation will be flame planed or guil­
lotined depending on its thickness and surface sizes, while 
a curved sided plate component with holes and slots but no 
edge preparation will be profile cut or hand burned.
Thus although the analysis has been based on the shape 
and size of components, the results are presented in such 
a way that a shipyard manager or designer may align it to 
the production methods used in his specific shipyard. The 
possible methods of manufacture of the parts are defined in 
the analysis with the probable most economical method stated, 
but the final choice of manufacturing method is left with 
the individual manager.
In the case of general component features (type of 
section, section holes and slots, section forming, and 
orthogonal plate shapes) a table is presented of the num­
ber of components required having each feature, and the 
percentage of the ship component population of these num­
bers. Where the size of component has an important, influ­
ence on the method or difficulty of manufacture the numbers 
of components required are further broken down by the size 
ranges used in the descriptive coding system. A table of 
the descriptive code size ranges is included with the sta­
tistical data for each ship. Length and depth are of prime 
importance for section components, with length and width 
of equivalent importance for plate components. The break­
down into size ranges gives an indication of the production 
method, where it is influenced by size and the size of ma­
chine necessary to produce the component parts. When pos­
sible a histogram of each table is Included to allow a vis­
ual inspection of the size 'profile* for that particular 
feature,
- A full description of the statistics and their use was pub­
lished in the Naval Architect(4-^) tables 1 to 8 describe section
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components. The first table indicates the number of com­
ponents required from various types of section material and 
tables 2 to 6 give the numbers of components required from 
common sections (flat bar, bulb flat, angle, channel) on a 
length/depth matrix. Tables 7 and 8 indicate production 
operations other than cutting to length (holes and slots 
and forming). The remaining tables are concerned with 
plate components, table 9 giving the numbers of orthogonal 
shapes by type. Tables 10 to 12 to give numbers of com­
ponents for cutting methods (guillotine, flame plane, hand 
burn, profile cut) on a length/width matrix, the cutting 
methods being determined from the shape code. Table 13 
details the numbers of plate components requiring various 
edge preparations and tables 14 to 16 give numbers of plate 
components having forming operations (flanging, swedging 
and roll bending) again on a length/width size range matrix. 
A full list of tables is detailed in the contents of each 
data set.
Appendix G- shows the standard statistical tables des­
cribing the components forming the hulls of two ships which 
have been coded and analysed. These are the SD14 (a 
14000T d.w.t. cargo vessel) and the B26 (a 26,OOOT d.w.t. 
bulk carrier), both of which are produced by Austin and 
Pickersgill. The percentages of parts produced from plate 
and section are about the same (57% plates for SD14 and 54% 
plates for B26) although the further breakdown of plate and 
section parts differ. The numbers of parts produced from 
bulb flat bar are similar for the B26 and SD14, but the 
percentage of flat bar parts employed in the B26 is three 
and a half times that in the SD14 and the inverse of this 
is found for the ratio of angle bar employed.
The percentages of orthogonal (straight sided) parts 
for the SD14 and B26 are 47% and 40% respectively although 
this is reversed for non-orthogonal (curve-sided) plate 
parts, where figures of 10%,and 14% result respectively. 
Comparison of the perimeter shapes of orthogonal plate parts 
show that percentages of rectangular parts are about the 
same the percentage of triangular parts having a right angle 
is much greater for the SD14 than the B26 (xIO) although the 
percentage of four sided parts with one or more square
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corners is halved. Similar percentages of parts having 
more than four sides and one square corner are found (9% 
-B26, 7%-SD14) while the number of parts with many sides 
and no square corner for the B26 is twice that of the 
SD14 (8% and 4%)
This analysis will enable a comparison to be made of 
the work content of various ships for the measurement of 
shipyard efficiency and for the development of cost esti­
mating and control systems. The most widely aeeepted 
shipyard measure of work content and efficiency is steel 
throughput. However, ships vary widely in their comple­
xity and therefore steel weight, even when an empirical 
complexity weighting factor is employed it is not always 
a good measure of work content. A data bank which records 
the number and complexity of parts Vequired can be used to 
present a more accurate assessment of the workload on the 
steel preparation shops. It will also give a better indi­
cation of the assembly shop workload that is directly influ­
enced by the number and complexity of the components forming 
the assemblies. Having obtained a better measure of work­
load, the efficiencies of individual shipyards may be com­
pared and more accurate overall cost estimating systems de­
veloped. The publication of a standard set of tabulated’ 
statistics describing the hulls of a variety of ships also 
allow a shipyard to compare a proposed ship with a vessel 
previously built in that yard. This can also enable a 
more accurate assessment to be made of the time and cost 
which will be incurred in building the proposed ship.
8.3 Control group analysis
For purposes of shipyard component production control 
a ships hull is divided into various sections which are 
termed structure zones, structure groups, control zones, or 
control groups. A structure group represents a controll­
able work unit which is generally used for cost control and 
analysis purposes, it also contains similar structure 
throughout and thus similar components may be found in it. 
For purposes of assembly the control groups are subdivided 
into fabrication units which can be constructed and erected 
into the ship hull on the berth. The size of structure 
groups and fabrication units vary between shipyards and
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ship designs, and in many cases the structure groups can 
themselves constitute fabrication units. Structural units 
and fabrication units can themselves be the subject of com­
ponent statistical analyses. Such analyses indicate the 
type of production operations required in the manufacture 
of parts comprising the work package, or indicate the work 
content involved. These exercises have been termed micro- 
analyses, and have been undertaken for the Ailsa dredger, 
and for the SD14 cargo ship using both an existing and a 
proposed control group breakdown,
a) 5.00QT Dredger Structure group analysis
The ship was divided into seven control groups for 
component production purposes. The number of components
found in each control group is shown in figure 57. The
%
control group component population has been segregated into 
parts produced from plate and from section and the relative 
percentages, and percentages of the total population are 
shown. It can be seen from the table that the percentages 
of plate parts for most structural groups fall between 50% 
and 60%. However the plate cutting facilities will pro­
bably be relatively overloaded when manufacturing the hopper 
side (69% plate parts) and underutilised when the double 
bottom is in production (37%). The inverse occurs for 
section parts. In addition an Indication is given of the 
work content involved in each structural group by the per­
centage of the total number of parts which exist for each 
group. Although in some structure groups (decks and shell 
units) the average size of parts will be larger than in 
others (double bottom, and fore and aft ends) the number of 
parts will result in a better indication of work content 
than steel weight.
More detailed analyses of plate parts have been under­
taken and the results are shown in figures 58 and 59. The 
initial breakdown into three sided, four sided, and more 
than four sided plate parts, and curved sided plates is 
shown in figure 58. Figure 59 shows analyses of four sided 
and more than four sided straight sided plates and curved 
sided plates; holes and slots, and forming operations are 
investigated. The breakdown of section parts for four 
structure groups into the type of section from which they are
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Figure 59 5000T d.w.t. dredger structure group
analysis; distribution of:-
a) plate component forming operations,
b) plate component auxiliary features.
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produced are shown in figure 60. It can be seen that 
flat bar is used predominantly in all four structure groups 
but that bulb flat is used chiefly in the double bottom 
and angle in the main deck and superstructure. Channel 
T, I, hollow round, hollow square, and solid sections are 
not generally employed.
b) SD14 cargo ship structural group analysis (present
structure groups)
For material ordering and component cost control pur­
poses in the shipyard of Austin and Pickersgill this ves­
sel is divided into a large number of structural groups.
The shipyards of Austin and Pickersgill and Ailsa at the 
time of the analysis had similar berth cranage capacities 
(about 15 ton maximum lift) although the slipways were of 
differing dimensions, thus Ailsa were unable to launch 
ships of the same size as Austin and Pickersgill. For 
the smaller ships under construction at Ailsa a functional 
ship zone (say double bottom or side-shell) could be em­
ployed as convenient material and cost control work package. 
For the larger ships being produced at Austin and Pickers­
gill (Sunderland) " a functional zone was found to be too 
large to use as a work package, so each zone was further 
divided into several structure groups for this purpose.
It was also found the structure groups themselves were 
defined differently in the two shipyards. For example a 
double bottom at Ailsa was completed in the unit assembly 
sheds with both the shell and inner bottom plates attached, 
but at Austin and Pickersgill the stiffened bottom shell 
panel was first laid .on the berth and the matrix assembly 
(girders and floors) complete with inner bottom was the 
assembled and joined to the shell on the berth. This re­
sulted in two structure group types existing at Austin and 
Pickersgill where one was employed at Ailsa. In addition 
the designs of the two ships were fundamentally different; 
the cargo vessel had two decks and the dredger only one*
This was considered an advantage to the analysis as differ­
ences were needed for comparison purposes.
The analysis was carried out using the S.A.M. data 
manipulation package (see Chapter 6.2.3) to list all the 
data records associated with a named structure group, this
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vas specified in the program statement by using the component 
number. The number of plate components having any particular 
shape or production feature were then manually counted for 
each structure group and the results were entered on a 
standard summary sheet, an example is shown in figure 61.
The manual counting exercise was time consuming and prone 
to errors but was made necessary by the absence of faci­
lities to weight data records by the number of parts re­
quired. This problem was overcome in later analysis ex­
ercises by using the S.P.S.S. package (see section C).
The summary sheets were not used directly for micro- 
analysis purposes but they were of great value in an in­
vestigation of shopfloor loading and work balancing, this 
is described in detail in the next section* However the 
total number of plate components required for each struc­
ture group was used for comparative analysis with the 5000T 
d.w.t. dredger which had been investigated previously. In 
addition the total number of section components needed for 
each structure group was found, again by listing and a 
manual count.
A complete list of structure groups used for material 
control purposes is shown in figure 62 with the total num­
ber of components produced from both plate and section 
material. The control groups in the table have been cate­
gorised into seven cost areas to follow the manufacturing 
practices employed at Austin and Pickersgill and allow a 
more meaningful summary table to be derived. It can be 
seen in cost area 1 that the bottom shell (SB) has been 
divided into two structure groups and the double bottom 
(DB minus shell bottom) into five. Structure groups DB1, 
DB2, DB3, DB4 and DBE represent physical zones of the ship 
while DBG represents a group of parts which are produced 
using one specific cutting machine (a Condor N.C. profile 
cutter) and may be found throughout the double bottom, this 
explains the fact that these are no components made from 
section in this group. The summary table for the cost 
areas (i.e. structural group categories) is shown in figure 
63a, it includes relative percentages of plate and section 
parts and the percentage of total number of components re­
quired in the ship hull for each cost area. The categor­
ising of structure groups into cost areas for this table
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closely followed the Austin and Pickersgill practice of 
building in 'layers* of deck or shell levels rather than 
in three dimensional blocks as at most other shipyards.
On further investigation it was found that the table in 
figure 63a could not be compared with that compiled pre­
viously for the 5000T d.w.t. dredger shown in figure 57.
The structure groups were therefore regrouped into 'ship 
areas' similar to the structure groups employed in the 
Ailsa dredger to allow a direct comparison to be made.
The summary table for the regrouped information is shown 
in figure 63b and is directly comparable with figure 57 for 
the 5000T d.w.t. dredger.
The structural differences in the two ships are high­
lighted by the percentage of total component population 
found in each category (structure group for dredger, ship 
area for SD14). Decks in the SD14 comprise 25^ of the 
total and in the dredger comprise only 9^, this reflects 
the area of deck found in each ship. The opposite is 
found for category 7 showing that the superstructure of 
the SD14 is relatively small when compared with that of the 
dredger. The fore and aft ends are generally found to con­
tain more components in the SD14 than in the dredger.
This possibly reflects the difference in purpose of the 
two ships; the SD14 is a sea-going vessel required to be 
fairly streamlined for efficiency while the dredger will 
spend relatively long periods of time stationary while col­
lecting sand and gravel from coastal seabeds or discharging 
cargo, it may therefore be relatively 'stumpy'. The 
hopper side and bulkheads (category 5 in each case are not 
directly comparable. The hopper sides in the dredger 
serve a functional purpose (storing gravel) while the SD14 
bulklieads are included chiefly for structural and compart- 
raentation purposes to satisfy classification rules. Cor­
respondingly the hopper sides in the dredger are functional 
necessities while the bulkheads in the SD14 can be termed 
necessary evils, this is reflected in the number of parts 
in the category for each ship.
Although difficulties are found in presenting informa­
tion for comparative analysis of ships which are different 
in design and are constructed using different methods it is
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useful to be able to compare these differences in a quan­
titative manner. The brief comparative analysis presented 
here was achieved by categorising structure groups which 
were devised to suit the production facilities of one ship­
yard, to ones which would suit those of another. Thus a 
direct comparison of the differences in operation times and 
work content involved in building the two ships in the 
second shipyard could be made, A different regrouping 
philosophy might be required for each shipyard who might 
wish to undertake a similar exercise, but the regrouping 
process is achieved with relative ease if a similarly struc­
tured data bank is available for each ship.
c) SD14 Cargo ship structure group analysis (proposed
structure groups)
It was proposed with the development of improved ship­
building facilities at Austin and Pickersgill to replace 
the existing ship breakdown into structure groups and fab­
rication units with a new arrangement to suit the new yard 
practices. An analysis similar to that carried out pre­
viously for existing structure groups was undertaken using 
the proposed structure groups. This involved the renum­
bering of all components in the ship hull and in certain 
cases recoding where a part was altered by the hew fabri­
cation breakdown. This was completed for the structural 
hull of the ship only (i.e. minus superstructure, hatches, 
deck gear, and machinery seatings) it was known these 
would not change•
It was possible to complete the analysis more quickly 
by using the S.P.S.S, computer package which was not avail­
able previously. This allowed a subfile system to be set
up and then allowed each or any combination of subfiles to 
be analysed concurrently or consecutively. Thus a subfile 
was opened for each of the proposed structure groups and 
each was investigated. The format of the data summary 
sheet used for the previous exercise was employed. For 
graphical presentation histograms of numbers of components 
requiring the production operations shown in figure 64 
were drawn shape codes used to indicate the processes are 
also shown. The resulting histograms are shown in figure
65. In addition tables are presented in figure 66 to
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indicate the amount of edge prepared plate and the range of
sizes found in each structure group.
A more detailed analysis has been made of the sizes of 
plates and sections, and also of section forming and not­
ching operations. The analysis was undertaken using the
S.P.S.S. package and the results are summarised using his­
tograms in appendix H
Twin histograms have been drawn of the number of 
plate components having a specified outline shstpe which 
fall into length and width ranges. These histograms have 
then been superimposed using the same axial scales for com­
parison purposes and they are then presented for each of 
the proposed structure groups. tfhile the histograms are 
not of great practical value in the calculation of produc­
tion process loading requirements (%his was discussed 
earlier), they give a strong indication of the range of 
shape and size of plate components which will have to be 
handled in the steel workshops. For instance it is found 
that structure group C contains a large number of plate 
parts having width between 900 and 1200 mm and length either 
between 1000 and 1500 mm or greater than 9000 mm. However 
similar shaped plates in structure group B cover a wide 
range of lengths and widths with a fairly even spread.
Thus an indication may be obtained of the material handling 
requirements needed to feed plate parts to any specialised 
assembly area.
Similar analyses of a specified section part shape, 
size, or production feature, for each proposed structure 
group are presented for comparison purposes. Histograms 
are shown of numbers of components falling in length and 
depth ranges for each main type of section (angle bar, 
bulb flat bar, and flat bar), with the number having square 
ends outlined in each case against the total number requ­
ired. Further histograms are included for forming oper­
ations for each type of section, and also for additional 
cutting operations such as edge nibbling or hole cutting 
or burning.
It can be seen that the above analysis is based more 
on production methods-component shape relationships than 
on purely shape considerations as before. This follows
the general trend found during the analysis of a greater
1 5 4
awareness of t lie se relationships with the increase in know­
ledge of manufacturing methods obtained by the author.
This trend was also reflected in the progression of total 
ship hull analyses leading to the development of standard 
tables which were highly process dependant. The analyses 
described previously were presented to A, and P. Appledore 
(who were the chief consultants to Austin and Pickersgill) 
for possible use in arriving at the new shipyard design 
using a more quantitative approach.
8.4. )/ork schedulina' analysis 
(45)
An analysis was made of the workload existing on the 
component production shopfloor at anytime during the buil­
ding cycle of a ship from the components being manufactured 
for that ship, and for the shipyard when considering all 
ships in manufacture, ^Analyses were undertaken for total 
numbers of parts in production and also the number of parts 
requiring specific manufacturing operations. These were 
made possible by the availability of a computer listing of 
activity schedules created from the network plan to build 
the ship in conjunction with the analyses which had been 
carried out for structural groups of the 14,000T d.w.t. 
cargo vessel. The analyses of the structural groups are 
described in detail in section 3 of this chapter and the 
summary format sheet is shown in figure 61, Cutting and 
forming operations are categorised in the summary sheet, 
and edge preparation and plate lengths are also investigated. 
The summary sheets for all the structural groups were avail­
able for analysis on a time base. The loading of structural 
groups was available from the computer listing based on the 
network plan. The manufacture of components and assembly 
of units was divided into a number of network activities, 
each of which was assigned a duration, earliest start, 
latest start, and latest finish. The resulting total float 
was also listed on the computer listing together with a des­
cription of the activity itself. The description of the 
network activities did not comply with the definition of 
the structural groups, however it was possible by using 
the verbal description and the associated frame position 
of the * activity* to find the group or part of group which 
it represented. In some cases it was found that a struc­
ture group was subdivided into two network activities, in
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these cases the numbers of components in the group were divided 
in proportion to the number of ship frames over which each 
activity extended; it was assumed that the size of a similar 
structure type would be proportional to the number of components 
in that structure•
From the network listing and the structural group ana­
lyses a table was completed which summarised all the infor­
mation available in a form which was easily punched onto 
data cards for automatic data handling, a sample is shown in 
figure 67. The resulting data cards were then used as in­
put to programs devised to compute the number of parts which 
were in production on every day of the building cycle of the 
ship, this was possible for all components or those requir­
ing specified operations or having specified features by de­
fining the data card column to be employed. Components 
* in production* comprise those which are between raw material 
issue and the erection of an assembled unit at the berth.
The number of components- in production could also be-found when
loaded by earliest start or latest start using the devised 
programs.
The number of components in production was plotted in 
histogram form over the whole building cycle of a ship, the 
unit of time employed was one day, and the total span of a 
building cycle was found to be about twenty weeks. The 
exercise has been carried out only for components produced 
from steel plate; steel sections usually have an indepen­
dent production route and may therefore be dealt with sep­
arately.
Two hypothetical sets of conditions were considered : —
a) That all components were loaded by latest start and 
latest finish. Here the minimum amount of work in 
progress is allowed and no flexibility is permitted 
in work loading by shopfloor supervision.
b) That all components are loaded by earliest start and 
latest finish. Here the maximum amount of work in 
progress (allowed by the network plan) is in the 
workshops at any one time and shopfloor supervision 
is permitted maximum flexibility in work loading.
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a ) CoiP.porients loaded by latest start
Figure 68 shows histograms of components which are in 
work (i.e. between raw material and completed structural 
unit) on.any particular day during the building cycle.
Figure 68 (a) shows the work load by variety of components 
and figure 68 (b) the work load by total number of compon­
ents required. The two histograms are very similar indi­
cating that the number off-variety ratio is fairly constant 
over the building cycle. A further histograms of the aver­
age number off per component (figure 69 shows that this is 
true over the mid-part of the building program, but that the 
average number off varied widely in the later stages when 
hatch details and auxiliary seats were being manufactured. 
Luring the first 75^ of the building cycle, however, the 
average number off was fairly constant between 2 and 2,5 
so the advantages of large batch production do not exist in 
this case.
More interesting is the shape of the histogram. The 
shipyard under investigation has two adjacent shipbuilding 
berths which are both employed to erect the same type of 
ship. Therefore although the building cycle for the ship 
is about twenty weeks the launch cycle of the shipyard is 
only ten weelvs. Thus a curve as shown in figure 70(a) 
would ideally balance the required work load and give a 
fairly constant total capacity requirement. The actual 
curve (figure 68b is far from the ideal. Loading by 
latest start would result in negligible work being avail­
able on the ship in weeks nine and ten. Assuming that the 
ship under construction on the second berth follows the same 
network plan as that on the first, and that work begins on 
it when that on the first berth is half completed then two 
work load charts may be super imposed to give the overall 
shipyard capacity requirement (figure 70b) This again is 
found to be very irregular and can obviously not be a true 
representation of what actually happens on the shop floor.
Consideration has also been given to individual pro­
cess operations. Components which may be flame planed or 
profile cut (orthogonal; i.e. straight sided) were easily 
distinguished from those which can only be profile cut (non 
orthogonal; i.e. those which have curved sides or intricate 
cutouts) by using the shape code of the component classifi-
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cation system. These vore then automatically counted 
usin^ data processing equipment. The results of this 
exercise on plate cutting are sho\/n in figure 71 . The shape 
of the orthogonal plate histogram (solid figure 71a) 
closely resemhles that of ttie total number of components 
(fi-^ure 68b) However, the non-orthogonal plate production 
(or profile cutting workload) is slightly higher in weeks 
six to ten when the double bottom area of the ship is in 
production. The solid lines in figure 72 show the number 
of plate components in production during the building cycle 
requiring burned and drilled holes. Again it is notice­
able that comparatively more plates require these operations 
during weeks six to ten and again an unbalanced workload is 
highlighted,
A similar exercise has been carried out to investigate 
forming operations and the results are shown in figure 73 
The histogram of plates requiring flanging (solid line, 
figure 73a is closely related to that showing the total 
number of components in production (figure 68b, but those 
sliowing swedging or * smooth' bonding (solid lines, figures 
73b and 73c differ significantly. Most swedging occurs 
during bulMiead and deckhouse production and more bending 
occurs during double bottom, fore and aft end production 
periods. Further analyses for edge preparation and com­
ponent length distribution were also undertaken. The edge 
preparation histogram (solid line, figure 74) showed that 
plates requiring chamfers occured less frequently in the 
later stages of the building cycle, although in the first 
two thirds of the programme the curve closely followed that 
of total component production. The component length dis­
tributions were drawn (figure 75) for parts falling into 
three length ranges; .0-1000mm, 1000-4000mm, and greater 
than 4000mm. It was generally found that the average size 
of parts decreased during the building cycle, this can be 
seen from the relative positions of the three histograms.
b ) Components loaded by earliest start
Loading by earliest start introduces the maximum 
allowable network float into the work load charts and thus 
the amount of work in progress is also at a maximum.
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Figure 75. I4OOO T d.w.t cargo ship workload analysis; 
distributions of
a)plate components which are flanged
b)plate components which are swedged 
g)plate conponents which are rolled
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Figure 76 shows the new histogram of numbers of components 
in production loaded by earliest start, together with the 
original histogram of number of components by latest start. 
The shaded area between the two histograms is an indication 
of the allowable excess work in progress, this is shown to 
be at least twice that of the essential work in progress.
The curve has been greatly "smoothed” by the additional 
work in progress and approaches the ideal shown in figure 
7 0 (a). However, control has now been transferred from the 
planner and production controller to individual shop floor 
supervisors. The individual supervisor may use his manage­
ment skills to work within the shaded "excess work in pro­
gress" area of the histogram to balance his own capacity 
require requirements, the degree of his skill and physical 
space available limiting the work in progress. Thus the 
apparent absence of work in week nine will never be noticed 
at shop floor level.
The shipyard in question allows a great deal of net­
work float on their activities, an average float of 3.6 weeks 
on an average activity duration of 1 - 2 weeks. It seems 
therefore that the planner and production controller give 
shop floor supervision great flexibility in the management 
of work loads in their areas, but only at the risk of ex­
cessive raw material stocks and extravagant work in progress.
Histograms of earliest start distributions have also 
been superimposed in dotted lines on those described earlier 
for latest start distributions of parts having various pro­
duction processes or shapes. These are shown in figures 
71 to 74. It was generally found that the curve smoothing 
which occured for the total component population histogram 
also applied to individual process graphs. This would 
have the same effect as previously described of balancing 
shopfloor workload but would transfer control from the pro­
duction planning department to shopfloor supervision. The 
previous comments about excessive raw material costs and ex­
travagant work in progress still apply to individual opera­
tions •
Thus the availability of both a ship component data 
bank and a network plan allows an analysis to be made of 
the shopfloor workload over the building cycle of a ship,
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and over a specified period of manufacture. In this 
specific analysis inbalances in the basic network plan 
were highlighted. These were overcome in this case .by 
the use of network float at the expense of work in progress. 
However there are now plans for a radical redevelopment of 
the shipyard which was studied here which will reduce the 
building cycle from about twenty weeks to six. Excess 
work in progress will not then be practicable and the load 
charts from the network plan will have to be smoother and 
resemble more closely the ideal curve.
The redevelopment will also involve an examination of 
the present method of building the ship and possibly result 
in a new ship breakdown and network plan* The statistical 
data gathered on the components will then be used to compare 
the existing and proposed methods of ship production, both 
at overall plant and individual process levels. It will 
also prove useful in the design of the production planning 
and control systems needed to manage the new facilities.
8.5 Analysis for group technology
Attempts have been made to define families of compon­
ents having similarities, and then to investigate the possi­
bility of forming machine families or production cells to 
exploit these similarities. Component similarities in 
general manufacturing industries have previously been de­
termined by studying process routes or manufacturing methods 
(Production Plow Analysis-P.F.A., or Component Plow Analysis- 
C.P.A.); or by studying basic material, shape, size, func­
tion, or combinations of these factors. The method em­
ployed in the research was governed by component and produc­
tion information availability, and was chosen following ini­
tial studies in collaborating shipyards. These have shown 
that the level of process planning practiced is low, and 
frequently consists of specification of cutting operations 
only. The inherent requirement in shipbuilding to manufac­
ture components from raw material plates and sections leads 
to the practice of nesting components into raw material 
pieces as economically as possible. The size of raw 
material plates also results in the release of relatively 
small work packages to produce a specific fabrication unit, 
especially in shipyards having little capacity for storing
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component parts. This policy also allows components to be 
painted easily in the raw material form prior to cutting 
operations, thus preventing subsequent surface deterioration 
The cutting-out operation is therefore fundamental to all 
ship hull components and subsequent operations are not spe­
cified in detail but are left to shopfloor personnel to de­
fine from assembly drawings and mould loft instructions.
The most important methods of communicating manufacturing 
information to the shopfloor ares-
. material bills specifying sizes of raw material
and the components to be produced from them;
. numerical control tapes, tenth scale drawings,
and optical slides to control flame cutting machines, 
these are traditionally prepared by mould loftsraen 
who are skilled in the interpretation of ship hull 
shape definitions;
. bending templates prepared by mould loftsmen,
usually of light wood construction;
• assembly drawings which are used to find details
of components as well as for fabrication purposes.
The inherent skill in shipbuilding enables this infor­
mation to be used to produce component parts and fabricated 
assemblies without a rigidly implemented process plan or 
manufacturing information specification. It was therefore 
decided that component similarities could best be studied 
by direct investigation of shape, size, and raw material. 
This approach has allowed the use of assembly drawings as 
the source of component information, and these are presented 
using similar formats in all collaborating shipyards. It 
has therefore been possible to employ common data collection 
formats and analysis methods in all participating companies.
Initial division of components into those manufactured
from plate or section is an obvious decision and is normal 
practice in the industry, thus attempts at defining similar­
ities for exploitation have been undertaken within these 
categories.
Plate components were initially subdivided into those 
having all straight sides (termed orthogonal) and those 
having at least one curved side (non-orthogonal)* It was 
assumed that the primary operation (cutting), differed for
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these categories, and that orthogonal components were flame 
cut or guillotined while non-orthogonal components were 
profile cut. Analysis of a ship hull showed that of
plate components were orthogonal and 52% were both ortho­
gonal and four sided; practically all the remaining 23% 
non-orthogonal plate components had one curved side.
Further analysis of forming operations showed that 30% of 
all plate components were formed, and that orthogonal plates 
were chiefly press formed while non-orthogonal plates were 
rolled. In addition 43% of orthogonal and 57% of non- 
orthogonal plate components required additional holes or 
slots. Orthogonal and non-orthogonal plate components 
were easily recognised using the descriptive coding system 
(Chapter 5.3)but doubts to their value as component families 
were soon raised. The main doubt was that orthogonal 
plate components with holes or slots would be profile cut 
rather than flame planed in most middle and higher techno­
logy shipyards. (Ryton Marine and Ailsa Shipbuilding, who 
were the first shipyards to collaborate, did not possess 
profile cutting equipment but relied on flame planners and 
hand held cutting torches. \üien work began with Austin 
and Pickersgill the importance of profile cutting machinery 
was recognised.) The second doubt was concerned with the 
difficulty of distinguishing between guillotined and flame 
cut components.
Recent attempts to establish plate component families 
have concentrated on primary cutting operations rather 
than outline shape alone. Cutting operations have been 
established for components by considering the descriptive 
code number. This resulted initially in the definition of 
three categories:-
1 parts which are flame planed or guillotined (depending 
on size), or profile cut at far greater expense.
These are orthogonal components with no positionally 
important burned holes or slots and having descriptive 
code numbers 4**0..., 4**1...(with corners or sides 
nibbled, 4**7... or 4**8... (both with drilled holes).
2 parts which are profile cut, or flame planed and 
subsequently hand burned for holes and slots.
These are orthogonal components with positionally
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important holes and/or slots and having code numbers 
4**2... (slots for cross members), 4**3... and 4**4... 
(burned holes), 4**5.. (burned holes and slots), and 
4**9... (burned and drilled holes).
3 parts which are profile cut only. These are non- 
orthogonal parts having code numbers beginning with 
7.
The percentages of hull components found in these 
categories for two vessels were as follows.
category
Vessel
1 2 3 Total
1 39.5 7.2 10.2 56.9
2 26.1 13.7 14.3 54.1
A detailed analysis of the size distribution (length 
by width) of category 1 components to indicate which can be 
guillotined has shown two distinct peaks for both ships. 
Large numbers of small components (600 mm x 600 ram) are 
small brackets and connection lugs, and it is noticeable 
that no category 2 or category 3 components fall into these 
size ranges. The second peak, although less pronounced,, 
was found to lie at about 7000 mm x 2500 mm; and from 
visual studies these consist of shell plates, deck plates, 
and main bulkhead plates. Thus category 1 components 
have been subdivided by size into guillotinable components 
(less than 600 mm long), and flame planed components.
The re-specified categories and percentages of components 
are therefore as follows
ate gory I 
Vessel ~ 1 2 3 4 Total
1 25.2 14.3 7.2 10.2 56.9
2 11.7 14.4 13.7 14.3 54.1
Analysis of subsequent operations has,shown that most 
edge preparation is applied to orthogonal plate components, 
these are mainly shell, deck, or major bulkhead plates 
which do not have holes or slots. In many shipyards, 
including the one constructing the ships analysed, this
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can only be achieved on flame planing machines, thus 
further justifying category 2 as a component family. It
has also been shown that the majority of rolled plate.com­
ponents are larger than 2500 mm by 1600 mm; these are 
practically all used in shaped shell sections and there­
fore have no holes or slots but require edge preparation, 
Swedging occurs on components in the middle size ranges 
(1500 - 4000 ram x 900 - 2500 mm), these are generally used 
for deckhouse compartment bulkheads and require few cutouts 
apart from doorways and access holes. Thus a manufacturing 
cell for category 2 components will require plate rolling 
and swedging facilities, in addition to a flame planing 
machine with edge preparation facilities.
Analysis of the size distributions of flanged compon­
ents has shown that a large number of guillotined components 
(category 1) are subsequently flanged. However the spread 
of sizes for flanged components is even and wide, and few 
indications of flanging requirements for other cutting 
categories is evident. It has been assumed from background 
knowledge that flame planed components (category 2) which 
are flanged comprise of major corrugated bulkhead plates 
and are relatively few in number, and that flanging is fre­
quently used to stiffen free edges (i.e. not welded) of 
components in categories 3 and 4. Thus manufacturing 
cells to produce the four component categories will require 
the following production operations
ate gory
1 2 3 4
operatioii'^^
Main
operation
guillotine flame plane
(with edge 
prepn)
flame plane
or profile 
cut
Profile cut
(or hand 
burn)
Ancilliary
burning
operation
hand burn 
(for corner 
and side ; 
nibbles- 
not posi­
tionally 
important
hand burn 
(for holes 
and slots- 
positionally 
important
Subsequent
forming
operations
flange roll bend, 
swedge, and 
flange (few 
only)
flange
(edge
stiffen)
flange
(edge
stiffen)
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Category 3 components can be manufactured with those 
from category 2 or category 4. It is therefore possible 
to implement only three group technology cells; say cell 
A for category 1, B for 2, and C for 4. Components from 
category 3 can then be manufactured in cell B or C, depen­
ding on workload; but will most probably be made in cell 
C using the less labour intensive profile cutting process. 
The resulting families and percentage of total number of 
components undergoing each operation is as follows for the 
two ships analysed*
Cell
OperationT~^— ^
A
(cat.1'
B
(cat.2 )
—  --- — ,
C
(cat.3+4)
Tots .
Main Operation 
for A guillotine 
B flame 
plane 
C profile 
cut
Ship 1 
Ship 2
2 5 .2/0
1 1 .7 %
14.3#
14.4#
17.4#
2.8#
56.9#
54.1#
Edge
preparation
Ship 1 
Ship 2
7.1#
4.1#
1.9# 
0.8#
10#
4.9#
Flanging Ship 1 
Ship 2
3.9fo
0.7#
8#
9.7#
11.9#
10.4#
Swedging Ship 1 
Ship 2
0.6#
0.7#
0.6#
0.7#
roll bending Ship 1 
Ship 2
2.2# 
1 .7#
2.2#
1.7#
Section components were first subdivided into those 
which were manufactured from:—
• flat bar
« bulb flat bar and angle bar
• solid section bars and channels (V, I, H, etc,)
Plat bar is chiefly used to stiffen plate edges and is 
therefore cut in fairly short lengths using flame cutting, 
drawing, or shearing techniques; and is normally formed by 
rolling or flanging methods. Bulb flat and angle bar is 
chiefly used for panel stiffening and is therefore cut in 
a larger variety of lengths using flame cutting or sawing 
techniques; and is normally formed using cold frame bending 
equipment. Solid section bars and channel is seldom used, 
but it is best cut using a mechanical saw. Por all bars 
the method of cutting is often dictated by the end shape
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required, square ends can be guillotined or sawed 
(depending on the cross section), while scalloped or 
shaped ends must be flame cut.
iVnalysis of a vessel showed that 63/ of section
components were from angle or bulb flat bar (with 4/ 
of these formed), 32/ were from flat bar (6/ formed), 
and 5/ were from solid section or channel. Section 
usage was found to depend on shipyard policy and to vary
from ship to ship. However, because of the differences
in manufacturing methods the categories specified here 
can be used as component families to devise group tech­
nology cells.
More detailed analysis of the components forming two 
ships hulls has shown that relatively few operations are 
necessary following the primary cutting process, the 
figures are as follows;-
'~~s..Category
Operation^
1
Flat bar
2
Angle bar and 
bulb flat bar
3
Channe1 
and other 
sections
3/
0.2/
Totals
44.1/
45.9/
cutting
out
Ship 1 
Ship 2
8.0/
28.5/
33.1/
17.2/
burning Ship 1 0.7/ 16.7/ 0 17.4/
(holes and Ship 2 0.2/ 1.9/ 0 2.1/
cutouts)
drilling Ship 1 0.2/ 4.8/ 0 5/
Ship 2 0 0 0 0
bending Ship 1 0.1/ 5.8/ 0 5.9/
Ship 2 0.3/ 2.7/ 0 3/
flanging Ship 1 0 0 0 0
Ship 2 0 0 0 0
After initial cutting the main operation is the cutting 
out of side nibbles and cutouts, this occurs chiefly with 
bulb flat and angle bars and may then be combined with 
the initial cutting operation. Differences occur between 
the two ships and these may present difficulties in balan­
cing group technology cell workloads. They may cause 
many shipyards to consider combining section categories 
1 and 3 (flat bar and channel).
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Although it has been shown that component families 
can be specified, the implementation of group technology 
manufacturing cells is difficult to justify. Problems 
include the economics of component nesting for steel ord­
ering, the introduction of two or four bed n.c, profile 
cutting machines, and the relatively small number of 
machines of any type which are employed, particularly in 
smaller shipyards. Nesting can be done most economically 
if all components of the same thickness are available as 
input into the procedure. If the proposed plate compon­
ent families are accepted then either smaller guillotined 
components will not be available, or they will have to be 
manufactured subsequent to flame cutting from 'scrap* 
material. The first alternative will increase raw 
material costs while the second will increase handling 
and production control costs. In addition if guillotined 
components are manufactured in a separate cell then flame 
cutters or roll shears will be needed to cut heavy steel 
plates into guillotineable widths. Alternatively the 
raw material input form can be charged to narrow flat 
panels (incurring cost extras from steel suppliers), or 
coiled strip (requiring decoiling machines and having a 
maximum thickness of 9 mm)
The introduction of two and four bed n.c. profile 
cutting machines results in an 'anti-trend'( from mass 
production, and hence group technology principles). They 
are capable of cutting shapes from n.c. descriptions both 
in the as-coded version and a mirror image, thus catering 
for 'opposite-hand* components from part and starboard 
fabrication units. This results in the manufacture of 
parts in pairs and work batches governed by fabrication 
units.
The relatively small number of forming machines pre­
sently found in smaller shipyards is also detrimental to 
setting up group technology cells for components manu­
facture. Primary cutting operations can easily be segre­
gated to form the basis for cells, each being fed from a 
single raw material treatment plant, Indéed the divi­
sion into flame plane and profile cut is already well 
established in most shipyards by historical development.
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However in most shipyards (Ailsa, Austin and Pickersgill) 
only one roll forming machine, one cold frame bender, one 
plate portal press, and one guillotine (or combined press/ 
guillotine) is available; and these are capable of dealing 
with the full workload. Thus group technology cells 
cannot be introduced by re-arranging existing equipment 
with the addition of only a few low cost machines as in 
other industries, but requires greater capital investment, 
for secondary operations. Most British shipyards are 
also on well established sites with workshop space at a 
premium. The combination of extra work in progress and 
the shape size of both components and raw material will 
result in more cramped working conditions and be detrimen­
tal to productivity. For these reasons group technology 
will best be introduced into component manufacturing areas 
in 'green field' shipyard developments. Here the problems 
of working with existing plant and equipment will not be 
applicable, smaller guillotines and forming machines can 
possibly be used, and shortage of workshop space will be 
less of a problem. However the possibility of such a 
development under present economic and market conditions 
is very unlikely.
175
Chapter 9 Process Planning
9*1 Process planning requirements
The data required for components manufacture may be 
divided into four areas, component information, process 
routes, operations, and work content,
a) Component information
This was explained in Chapter 4 section d and com­
prises of component definition and component description. 
The definition of raw material, component part, and assem­
bly into which the component is welded is adequately cat­
ered for in most ship part numbering systems. The method 
of describing components, particularly those manufactured 
from plate, is passing through a transition stage with num­
erical control descriptions being used more frequently.
Full scale screiving is now almost extinct, but tenth scale 
lofting and verbal descriptions are still widely used. In 
general this aspect is also well catered for,
b) Process route
This defines the manufacturing path a component must 
pass through from raw material to finished part. It is 
influenced primarily by the shape and size of the finished 
component and secondly by the form of the available raw 
material. Process routes have been discussed in detail in 
Chapter 3.
c) Operation Data
This is the information necessary to carry out the 
operations specified in the process route, it covers main 
plant, equipment, and manufacturing data. The first and 
subsequent choice of plant or machinery will be stated with 
any necessary auxiliary equipment (tools, cutters, jigs, 
measuring devices. Machining data will include special 
features of the component (i.e. edge preparation) together 
with various cutting speeds and feeds to produce the part 
most economically.
d) Work Content
This will consist of set-up times, operation times,
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and contingency allowance for each operation. A detailed 
breakdown of estimated times is only required at shopfloor 
level if used as part of an incentive scheme, otherwise 
publication of the information is unnecessary and may 
damage industrial relations. Data will still be required, 
as a compiled sum, for work group bonus systems and produc­
tion scheduling and control. In this case a total job 
duration time only is required for the shopfloor labour and 
supervision to gauge the'size' of a job.
The documents used to present manufacturing infor­
mation to the shopfloor in general engineering are the 
Process Route Sheet and the Operation (or Job) Card. The 
route sheet accompanies the item in work through the fac­
tory and is usually itself accompanied by a 'book' of tear- 
off job cards, one for each operation. Examples of route 
sheet and operation card layouts used in general engin­
eering are given in figure 77
The route sheets are presently used in shipbuilding 
but they contain much less information than in general en­
gineering. A suggested layout for a route sheet is shown 
in figure 78 (a). All details of raw material, component, 
and assembly marshalling number are given with the process 
route which is itself more detailed than at present. Each 
operation on the route sheet will require a job card simi­
lar to that suggested in figure 78 (b). This contains 
more detail of the individual operation requirements and 
also gives the basis of the estimated operation time (only 
with a fairly accurate estimating system). The production 
scheduling and control functions will require summary sheets, 
probably by production batches to aid production scheduling 
and subsequent loading. A suggested possible layout for 
this is shown in figure 79.
At present production decisions are made manually 
either by process planning engineers or in situ on the 
shopfloor, and are based on information which is not neces­
sarily complete. The degree to which this information can 
be supplied from a data bank and, using empirical rules, 
subsequent production decisions automatically made will be 
described,
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ROUTE SHEET
N'iirriff E o d  P I f c t f  
Part Modol,
No. per Mùdel_ _
Economie Lot Size.
Materia!____
Unit Weight.
Part Number____
Drawing Number__
Dale KiTcctive_____
Iteplarca issue 
of Sheet._______ of.
A-95
open
No.
Dept, or 
Prod. 
Center
Std.Tir.^e j
Opcr.j 
ûpcc. IDescription of Operation Machine Tools, Jigs, etc. Setup 1 
Min. 1
Prod. 1 
Min. I
A 6& I Lathe Face surface), drill, bore, and 
ream hole to 1-1/4".
f25 LeBlond, 19" 
Lathe.
Center drill and chuck, 1" T.S. 
drill, 3 /4 "  boring bar, 1-1/8" T.S. 
reamer, 5 /16" K .H . round nose 
tool bit, 5 /lG " 11.H . side faring 
tool bit, 8" smooth file, .035" sol 
block 4-jaw independent chuck.
30 j 24
AOS-2 MUl End mill bosse). /55 Milwaukee 
.Mill.
3 /4 "  dia, end mill, 1" set block, 
8" smooth file.
30 IS
AGS-3 DriU D rill 4 holes 11/64".
D rill 1 hole 11/32" X 29/32" 
deep, spot face 4 holes. 
D rill 2 holes 1/S", tap one
;i3 3  Delta Gang 
Drill.
17/64" T.S. drill, 11/32" T.S. drill, 
1/8" or *30 twist drill, drill chuck, 
1/2" C ‘lx/rc with 17/64" pilot, 
1/8" pipe tap. Jig f  A-G8-3.
12 21
A6S-4 Mill
hole, 1/S" pipe thread. 
Countcrbore 1-1/4" hole, 
1/8" deep, cut oil pocket 
3/16" wi.ie, 7/8" deep.
•55 Milwaukee 
M ill.
1-1/4" Chore with 1-1/8" pilot, 
#13 Woodruff key cutter, #508 
American Sid. cutter holder.
12 12
A6S-5 Arbor
Presa
Press bushing in end piaie. f20 Orecnerd 
Arbor Press.
8" Smooth file. 9 18
ACS^ Drill Drill holes designated on jig. #133 Delta Gang 
Drill. '
•29 twist drill, fSO or 1 /8 "  twist 
drill, #43 twist dr'll, drill chuck, 
#8-32 tap. Jig fA-68-6.
6 18
AG8-7 Drill D rill two holes 3/16", 
1 countersink oil hole.
#121 Avey DrUl. 3 /lS "  S.S. Extra Ixmg Drill, extra 
long C'aink, drill chuck.
3 3
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Figure 77 Examples of route sheet and operation 
card used in general manufacturing 
industries (from v&f ^6)
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ROUTE SHEET 
Part number )7FE1*06^ Dwg. Mo, W-9 
Humbor req’d, 2
Raw material Plate mark: 37FE1PhO.
Size: 5400x1385x7.5 
Muftbsr.. off; 2 ,
Op.No. Operation Vtaohlno
(altve)
Tools
Jigs
Eat.
SU
times
CP
Make
with.
1 Straighten Mangle 
roll a
2 S/blaat & 
paint
Treat­
ment,
(FElt065
IPE1W063
J Mark-
out
Optical
tower
Slide
104
(1 off 
each per
4
plane
P.P.2
(hand)
5 Knuckle Press
Mo.3
Manger
tfo.3
JOB CARD 
Part number 37F21K064 
Number roq'd. 4 
Opération number 4
Dwg.Ho. 449.
Machine ÏP2
Jigs:cutting head 62
Operation Description Details
1 Flame plane to 
marking out
Thickness=7.5 mm
Cutting speeds*''■
Eatlnttt«d tinea
cutting length, 
operation time .
•atioated weight ■ 
aet up tine .
TOIAl OPERATION TIKE:
n.gur« 78 ïaanple» of route sheet and operation 
card for use la shipbuilding.
r ^’TiMArEt^  ejOAfre/y-r
Z-Htfi .....
l/yy/7 t^u^A£/t
£:fntf/irEù, yo& Eiu/?/iT/oA/C«rtPDftSff7 fD£NTlP/eH. 
K/in fl/ir*- £ur 7»
FlA H C  PEatn.t SuVLur. njtn£ CUT //*£
n/}£K, otrr 
Iweb oEtml
figure 79 Example of estimated work content 
sumcnary sheet for use in shipbuilding
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9.2 Process route generation
Process routes for components have been generated 
using the descriptive code of the part and a series of 
planning decision rules. The development of the system 
to generate these process routes consisted of three dis­
tinct steps. The first step was the definition of the 
planning decision rules based on shopfloor production 
equipment and methods, these were then to be used in the 
second step to draw a logical flow chart. In the final 
step a computer program was written based on the flow 
chart.
Process decision rules are recorded interpretations 
which a process planner applies when deciding how a com­
ponent will be made while he is studying a working drawing. 
For instance for a plate component the cutting method 
decision is influenced by;-
a) The perimeter shape of the component, is this a 
series of straight lines or is one or more sides 
curved?
b) The size of the component, is it too thick or 
large to be guillotined?
c) The intricacy of holes and cut outs, can these be 
quickly and more economically achieved by hand 
cutting following perimeter cutting?
d) Edge preparation of the component
e) Available machinery, what type of machinery is 
available (flame planners, guillotines, profile 
cutters, mechanical edge planners, etc.)?
f) Economic factors, how economical is each piece 
of machinery ?
g) Scheduling. How fully loaded is each piece of 
machinery? Should an alternative process be 
given?
Factors a) to d) are concerned with the component, while
e) to g) are concerned with shopfloor methods.
The decision rules vary with each individual shipyard 
and a study must be made of the facilities available in
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each yard before automatic process route planning can 
commence. The decision rules which have been used here 
are based on the steel component production shop of .Austin 
and Pickersgill Ltd., Southdock shipyard. The equipment 
available is as follows;-
Section piecepart production
a) Section shotblast and paint
b) Roll bender (flat bar)
c) Cold frame bender (other sections)
d) Flanging press
e) Hand mark out and flame cut
f) Drilling machine
g) Hand flame cut holes and slots
Plate piecepart production i
a) Plate shotblast and paint
b) Optical tower mask and system
c) Flame planning machine with edge 
preparation facilities
d) Hand mark out systems
e) Guillotine
f) Profile cutting machine (using I/ 1 0
scale slides or drawings)
g) Drilling machines
h) Flanging press
i) Swedging press
j) Plate rolls
Based on this equipment a set of rules governing the 
method of manufacture of components was compiled. Ex­
amples of decision rules covering cutting methods are:-
Straight edge plates (orthogonal) less than 
10mm thick and 1000 mm long and 1200 mm wide
will be hand marked and guillotined
Straight sided plates with edge preparation 
will be optically marked out and flame planned
All plates having curved sides and/or intricate 
cut outs (slots for cross-numbers) will be pro­
file cut, if they also have edge preparation this 
will be done subsequent to the main cutting oper­
ation.
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Plate components other than those listed above 
(larger straight sided plates) will be optically 
marked out and then flame planned.
At present rules such as these are not generally re­
corded, and their application relies to a great extent on 
the experience of the individual process planner or shop- 
floor foreman. As the experience of the individual varies 
so the planning systems presently in use have a tendency 
to be inconsistent, particularly over long time periodsj 
due to changes in personnel or shopfloor methods, With 
a standardised recorded set of decision rules and an auto­
mated system of applying them their consistency can be 
guaranteed and accuracy subsequently improved. In addi­
tion changes in shopfloor production methods or the intro­
duction of new plant or equipment can be quickly introduced 
into the planning system by altering the decision rules and 
adapting the base automatic route planning system program.
The flow chart to produce a process route based on the 
equipment at Austin and Pickersgill (Southdock) is shown in 
figure 80, It consists of a series of questions with yes/ 
no answers, the answer from each question dictating the next 
question to be asked. At decision points, where a decision 
on a production process has been reached, then the decision 
is stated (printed out) before the series of questions is 
continued. The flow chart may also be divided into hori­
zontal sections by the general production process (marking 
and cutting, drilling, and forming), although this is less 
defined with section components as they are often formed 
before cutting (to allow a better 'grip' in the cold frame 
bender), This aids in the writing of a computer program 
to execute the flow chart as that may be divided into simi­
lar sections,
A fortran computer program has been written which 
prints a meaningful listing of process routes based on the 
decision rule flowchart and the descriptive coding system. 
Before entering the logical decision section of the program 
a data record containing the component identification num­
ber, the descriptive code number, and other relevant pro­
duction information is read and printed for identification 
purposes. For example the following line could be listed,
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55/AI12/3005/09, 4463020344 001 10.0
T THICKNESS
NUMBER REQUIRED
DESCRIPTIVE CODE NUMBER 
  (see section 33)
Shipyard part number
The decision making part of the program consists of 
a series of logical 'IF' statements. By using a series 
of these statements the flow chart is followed and the 
process decisions are listed out ( appendix I) During 
the initial stages of the automatic process route planning 
system development the input information and output format 
has been kept simple and without great detail. However 
the method may be used with a much more complex shopfloor 
layout and the output may be enlarged to cover individual 
machines, jigs, fixtures, etc. In addition sub routines 
may be called at the decision points to estimate the work 
content involved in the individual process operation, again 
using the descriptive code number of the component.
9.3 Work Content Estimations
Work content may be estimated by using the descriptive 
code number and empirical rules which are described in the 
following sections. The estimations are generated process 
by process for all stages of component production treatment, 
mark-out, cutting, forming and drilling. Emphasis has 
been placed on plate cutting operations, and in particular 
on the estimation of cutting length and errors involved in 
this. This is justified by the prominence of plate cutt­
ing operations in shipbuilding.
9.3.1 Treatment
The straightening, shotblast, and painting of raw 
material can be regarded as either a pre-steel shop pro­
cess or an in-steel shop process depending on its proxi- 
mith to the steel shops in a specific shipyard. As a 
pre- steel shop activity the unit of work content need not 
be precise; tonnage, number of raw material pieces, total
18K
length of section or area of plate will probably suffice.
If regarded as an in-steel shop activity the work content 
unit needs to be more precise and will possibly be allo­
cated to each piecepart.
For section components the approximate length of sec­
tion are found from the descriptive code number and this, 
multiplied by the work content per unit length gives a work 
content estimate for the component. The work content per 
unit length varies with different cross-section and size 
of section, this again is found from the descriptive code 
number. Scrap wastage must be taken into account.
Thus if:
= Average treatment time for a raw material
section (may be categoriesed by shape and size)
= Average length of raw material section
= Average length of scrap per raw material 
section
= Length of component 
then the treatment time for a component is given by 
T = L T
C C 8
where L , L , and T are found historically and L is sr sc' s c
estimated from the descriptive code.
For plate components the approximate area of plate is 
found using the shape code with the length and width of 
the component. The formulae for finding area based on 
the shape code are shown in figure 81 and their derivation 
is discussed in Appendix J • Allowance is again made for 
scrap percentages and difficulty in nesting of components, 
the latter was considered in the derivation of approximate 
areas. Thus if:-
T^ = Average treatment time for a raw material plate
Ap = Average area of a raw material plate
Ag = Average area of scrap per plate
A^ = Estimated area of component
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Figure 01 Formulae for plate component area 
estimation from descriptive code 
number.
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then the treatment time for a component is given by;- 
T = A T
C C T)
where A^, and are found historically and A^ is
estimated from the descriptive code,
9,3,2 Marking Out
The marking out process is similar to raw material 
treatment in that the input and output from the operation 
is generally raw material sized plates or sections, the 
exception to this being sections which are first formed 
and then marked relative to the forming operation. Thus 
the overall handling time in mark-out may be attributed to 
an individual raw material piece or it may be allocated to 
each component derived from that raw material (as for 
treatment). In addition marking out operation times may 
be summed to give the total mark out time for the raw 
material piece from which they derive.
Section mark out consists of length mark out and 
forming mark out. Length mark out time is estimated from 
the descriptive code number which describes the type and 
size of cross section and whether the ends of the compon­
ent are square or scalloped. Thus the degree of diffi­
culty in marking out is found and a corresponding time 
estimate generated. Mark out for forming is more diffi­
culty as sections, particularly bulb flat, angle, and chan­
nel often require some mark out after bending where the 
required bend is near the end of the component. This is
to allow a cold-frame bender to 'grip* the part. The num­
ber and type of bending operations are found from the des­
criptive code number and hence a marking out time is esti­
mated ,
Thus ;-
Component Mark = Length Mark + Forming Mark
Out time Out time Out time
and '
Raw material = Raw material + Component M.O.
M.O, time Section M.O, time times
The times of mark-out for various sections and for­
ming operations is found historically and recorded in a 
data bank for use automatically,
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Plate marking out is usually done only for ortho­
gonal shapes and consists of contour mark out and forming 
line mark-out. It may be done by hand, by using an' opti­
cal tower, or on a tenth scale or N.C, marking machine.
The tenth scale or N.C. marking machine is similar to that 
used for profile cutting and is very often a dual purpose 
machine, although the marking operation is speedier than 
cutting, A similar approach is used to generate tenth 
scale or N.C, marking work content as for profile cutting 
(see next section). Marking is rarely done on one of these 
machines except in case of extreme work overload, or when 
forming lines must be shown on non-orthogonal plates.
This is achieved as part of the profile cutting operation.
Hand-marking involves more work than optical tower 
marking and is mainly employed for smaller and simpler webs 
and brackets. In both cases the important features affec­
ting the work content involved are:-
1 The number of sides (lines to be marked)
2 The geometry of shape (complexity of marking)
3 The amount of 'nibbling' (complexity)
4 The number and type of formed features 
(lines to be marked)
The geometry is of lesser importance in optical tower 
marking, which is a simple copying operation, as are the 
positioning of forming lines, . All the features are ex­
amined using the descriptive code and by using historical 
data work content information is generated for each compon­
ent, The collective work content data can again be summed 
for the components forming a raw material plate or batch for 
use in shop loading and possibly incentive schemes,
9,3.3 Cutting operations
The work content involved in cutting to length section 
components is divided into handling time and operation time. 
The handling time is a function of the length, the depth 
and thickness, and the type of cross-section of the compon­
ent, all of which are found from the descriptive code num­
ber, The operation (or cutting) time is a function of the 
type of cross-section and the required shape of the compon­
ent ends (i.e. square or scalloped), again these are indi-
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cated by the descriptive code. Standard values of work 
content can be tabulated both for handling and cutting 
various types of section from work measurement data. These
tables can then be incorporated in a data bank and used in 
collaboration with the descriptive code to find work con­
tent estimates.
The work content involved in cutting operations on 
plate components varies widely between flame cutting pro­
cesses and guillotining operations, for flame cutting it 
depends on handling time, cutting speed, and total cutting 
length.
a) Handling time
The handling time required for a component is a 
factor of the surface sizes (length and width) and the 
weight of the component, which itself is a factor of thick­
ness and surface sizes. Therefore size alone (length, 
breadth, and thickness) can be used as factors to estimate 
work content. A fairly accurate indication of the sizes 
of the component is again found by using the descriptive 
code number of the component. The factors necessary to 
convert the sizes into a work content measurement are gen­
erated by work study sampling methods or using pre-determined 
time systems. Alternatively an overall handling time per­
centage contingency can be added to the operation time 
(cutting speed x cutting length) of the component. This is 
again found by work study (random sampling) and statistical 
methods.
b ) Cutting Speed
The cutting speed to produce a flamecut plate compon­
ent depends on three factors, cutting method, thickness, 
and edge preparation. The cutting method is defined by 
the process route generation system explained in section 3 
of this chapter. It can vary between profile cut, flame 
plane, and hand cut. Each uses different cutting heads 
and therefore has a different cutting speed for the same 
material. The thickness of the workpiece and edge pre­
paration required is taken directly from the descriptive 
code number of the component held in a data bank. The 
factors required to convert these into cutting speeds are
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pre-determined by the cutting method and are recorded in 
standard books and a corresponding computer data bank.
c) Total cutting length
The total cutting length is comprised of the basic 
outer shape perimeter of the component plus additional 
increments to cut holes and slots. Each of these has 
been considered in turn and then combined. Estimating 
errors have been considered in detail, by doing this the 
systems can be evaluated and improved.
The outer perimeter of the component can be estimated 
using the overall shape of the component from the first 
two digits of the descriptive code, and the length and 
width of the component from the last two digits of the code. 
These are used, the shape to definq a suitable empirical 
formula and the sizes as factors in that formula, in esti­
mating the perimeter cutting length. The methods of deri­
vation of empirical formulae to estimate the perimeter of 
various shapes of plate component are described in appen­
dix J , a summary table of the derived formula is shown in 
figure 82 (a) Particular attention was paid when deriving 
formula for component shapes which occurred most frequently 
in two ships (the SD14 cargo vessel and the B26 bulk carr­
ier), The particularly important shapes are tabulated in 
figure 82 (b) it can be seen that about 80fo of components 
are in this category from which an absolute formula (not 
empirical) can be achieved for rectangles and right angled 
triangles (about 40^ of total). Dimensions in the des­
criptive code are coded in ranges, for calculation purposes 
the midpoint of each range is chosen as representative of 
that range. The ranges and midpoints are given in figure 
83, With code digit values 0 and 9, both for length and 
width, the midpoint is not representative of the component 
dimensions in the range, there are few very small compon­
ents (say less than 150 mm length or width). Therefore 
for digit value 0 it was proposed in the initial stages of 
development to carry out a combined sampling and error in­
vestigating exercise at a later date to compensate for this, 
and for digit value 9 a figure an initial estimate based 
on raw material order sizes was used.
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Figure 82 Formulae for plate component outline 
perimeter estimation from descriptive 
code number
a) All shapes
b) Commonly found shapes.
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A computer program has been written to estimate the 
outer shape perimeter of a component from the descriptive 
code number using the empirical formulae and the dimension 
range midpoints. It was tested using three structure 
groups of varying complexity from the SD14 data file, and 
for which assembly drawings were readily available.
These were:-
a) The fore end block (FEI and FE2): a highly
complex block with a high percentage of 
curved shell area
b) The engine room double bottom block (DBE): 
a fairly complex structure comprising of 
matrix type assemblies of individual tanks 
for oil, fuel, and water.
c) A typical double bottom block (DB2): com­
prising of open floor structures of low 
complexity.
The computer program and resulting list of estimated 
dimensions and shape perimeters for structure group DBE is 
shown in App.K.prog.l A set of data cards corresponding to 
this list was also punched as output from the program run. 
The true shape perimeters of the plate components from 
these structure blocks were measured using the assembly 
drawings and punched onto the corresponding generated data 
cards. Using these cards, which contain both the estima­
ted and actual component shape perimeters, a further listing 
has been generated of actual perimeter, estimated perimeter,, 
estimate error (length), and percentage estimate error (^ 
of actual length), this is shown in App.Kiprog.2 Errors in 
individual component shape perimeter estimates occur for 
two reasons; the empirical formula is not applicable, or 
the dimensions (length and width) used are not the true 
dimensions of the component. Dimensional error is due to 
the use of dimension ranges in the code, the midpoint of 
the range is seldom the true dimensions of the component. 
However by studying the sums of a large number of estimated 
and actual perimeters for the same components the error 
observed is mainly caused by using unsuitable formulae.
In this case the individual errors caused by using the
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range midpoints theoretically cancel each other. The 
tables in figure 84 show that total perimeter length errors 
for the structure groups are relatively small (0.9^, 0.2^
4.6^ for FE, DB2, and DBE respectively), and for individual 
shapes they are also acceptable. The error of 4.6% for 
DBE is possibly due to the high frequency of the double 
bottom height which is near the boundary of two length 
ranges. An attempt has been made to compensate for this 
by adjusting the value from that range to be used in calcu­
lations, but the error was only slightly reduced.
Increments must be added to the overall shape peri­
meter for any holes and slots which are required in a plate 
component to give the resulting total cutting length. 
Estimating methods for these increments have been found by 
analysing the components involved.
Holes are cut in components for three reasons:-
a) to allow controlled flow of liquid (cargo, fuel oil, 
water) to prevent build-ups in rough seas which may 
make the vessel unstable.
b) to improve the weight/structural strength ratio of 
the component and thus lighten the complete ship.
c) to allow access, either by small hole for service 
facilities ( pipes, cable lays) or larger hole or 
doorway for human access.
The most likely reason for a component to require a 
burned hole is for lightening purposes, with access the next 
most likely reason. It is therefore probable that the addi­
tional cutting length increment for burned holes is propor­
tional to the size, and more particularly the length of the 
component. An exercise was carried out to plot the actual 
total hole cutting length per component against the length 
of the component (by descriptive code digit) for a complete 
structure group. Structure group DBE was chosen from those 
analysed previously (for shape perimeter) as this group con­
tains a large number and variety of lightening and access 
holes. Components with burned holes (fourth descriptive 
code digit equals 3, 4 or 5) were listed and a data card 
pack punched. The actual cutting length required to pro­
duce the burned holes for these components was scaled from
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assembly drawings and punched onto the respective data card 
as in the previous exercise for shape perimeter. The aver­
age hole perimeter for each length range of the descriptive 
code was then found and a graph of the two variables was 
plotted (figure 85) From the graph it can be seen that 
two straight lines are necessary to provide estimating for­
mulae for cutting length. These are:-
Hole length = 510 x (length code digit ) + 200
(value of component)
for length digit values less than 5
and
Hole length = 2068 x (length code digit ) — 7750
(value of component)
for length digit value greater than 5
(When the length digit value is equal to 5 either formula 
may be used) . \fhen the length code digit is less than 5 the 
slope of the graph is caused by the increase in size of holes 
as there is only one hole per component (lightening hole in 
most cases). However, when the length code digit is greater 
than 5 then the number of holes in the component will pro­
bably increase with length. Thus the slope for longer com­
ponents is caused by the number of holes in addition to the 
size of the holes. (see fig. 86). A method of incremental 
estimating has also been considered for hole perimeters, i.e. 
an increment is added to the estimated shape perimeter of 
each component corresponding to the length digit value of 
the component. Although this is possibly a more accurate 
estimating method (as the number of holes are incremental 
with length) it is thought cumbersome and not justifiable.
A program was written to compare the actual and esti­
mated hole perimeter for structure group DBE, This is 
shown inApp,K.prog,3 and gives the individual hole estimate 
error together with its relevance to the actual component 
shape perimeter length. Also included is the combined 
shape and hole estimate error for each individual component 
and the results of further investigation into these are 
shown in figure 87(a) a table and graph of percentage error 
in estimation against frequency of occurrence. It can be 
seen that 66^ of the estimations are within 20^ of the
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actual cutting length with 30^ within 10^. None of the 
estimates differed more than 355^  from the actual cutting 
length. The exercise has also been carried out for com­
ponents forming the fore-end block (PE) where the totals 
are found to be similar; 71?^  of estimations within 20% of 
actual and 33$^  within 10% (figure 87(b)) This indicates 
that the estimating procedure can be used for different types 
of structure group as DBE and FE differ significantly.
Slots are usually cut in plate components to allow 
frames or stiffeners to pass through a floor or bulkhead 
and be welded to it. Their positioning is consequently 
more important than for drainage nibbles and the work con­
tent because of this, in addition to their larger size, 
proportionally higher. The method of estimating additional 
increments for side slots and nibbles is further complicated 
by the combination of burned holes with edge features in the 
descriptive code. This limits the description of the slots 
and also fails to distinguish between carefully positioned 
slots or mere drainage nibbles when holes are also present.
On investigating the slots in the plate components of struc­
ture group DBE it was found that the sample was small and no 
correlation between slot cutting length and component length 
could be made. It was also found that most slots occurred 
in a component which also had a burned hole, and yet an 
equivalent number of components had burned holes and nibbles, 
thus having the same code number. This highlighted a weak­
ness in the coding system when used for work content esti­
mation. Tables showing slot lengths for components from 
DBE and FE structure blocks are shown in figure 88,
Although the sample is small it infers that the additional 
increment for components less than 2,5M long (lower limit 
of length code range 5) should be of the order 0.6 to 0.8 M. 
With components greater than 2.5M long the additional incre­
ment for slots increases dramatically, particularly for com­
ponents forming the fore-end block. However, the fore-end 
is probably the least typical structure block in the ship 
and it is therefore hypothesised that
Slot cutting = 100 X (length code digit ) + 400 mm
(value of component)
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can be used to calculate the estimated slot cutting length 
increment until a more accurate estimating formula based 
on a larger sample can be found.
The routines for generating shape perimeter, hole 
perimeter, and slot length have been combined in a single 
program to give the total cutting length estimates of com­
ponents. This is shown in App.K.prog.4. An exercise has 
since been carried out to investigate errors in the total 
cutting length estimations similar to that described earlier 
for estimation of shape perimeter plus burned holes. This 
includes components which have no holes or slots, many of 
which are smaller parts which may be guillotined. The 
results (figure 89) show that for the DBE structure group 
659^  of cutting lengths are estimated within 209^  of the 
actual with 38^ within 10^. Results for structure block 
FE are more favourable with 72^ 6 of estimated cutting lengths 
within 20^ of actual and 47?^  within 10^ This is probably 
because more components in structure group DBE have holes 
and slots and thus the errors due to all three are accumu­
lated. In addition the double bottom height is at the ex­
treme of a length range. This dimension occurs frequently 
and errors are increased as the midpoint of the respective 
range is used for calculation purposes. It is also noti­
ceable that many of the components whose estimate errors 
are greater than 255^  in structure block FE are in the length 
range '0* (less than 300 mm) and width range 'O’ (less than 
300 mm). This accounts for thirty components or about 
of the total number off. These components although having 
large individual percentage errors cause only slight dis­
crepancies when the individual estimates are summed to give 
a 'work batch* cutting length. Histograms of error ranges 
above and below zero for structure groups FE and DBE are 
shown in figure 90, estimates which have no error have been 
evenly divided between -5% to 0 and 0 to +5/^ . The number 
of components which are overestimated is found to be 45•5% 
with underestimates accounting for 52.55^, the remaining 2% 
having no error. Again this slight underestimation may be 
due to the frequency of occurrence of the double bottom 
height which is near the upper extreme of one of the length 
ranges. Thus, by numbers, a slight underestimate results
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from the total sample taken.
These estimates are probably not accurate enough for 
payment systems based on individual components. However 
most steel component areas operate on a batch loading (by 
raw material) systems, and incentive schemes often relate 
to this. When summing individual component estimates to 
give the resulting batch cutting length these errors will 
be self cancelling. This has been simulated for batches 
of ten components using a cumulative frequency of error 
chart (figure 91) and a random number generator. It was 
assumed that components are of similar size (which is often 
the case in batching) and therefore over estimates and 
underestimates can be cancelled on a percentage basis.
The results are shown in histogram form in figure 92 For 
five hundred simulated batches of ten components the mean 
error is found to be -1.4^ (underestimate) with a spread of 
+ 1 5 %  and a standard deviation of 3% On increasing the 
batch size to twenty components the mean remains at -1.4% 
but the spread decreases to + 9% and the standard deviation 
decreases to 2,5% Thus for batches of ten 95% of cutting 
lengths can be estimated within -4,4% and +1,6% (twice 
standard deviation) and for batches of twenty the corres­
ponding limits are -3.9% and +1.1%,
For guillotine cutting operations the work content in­
volved depends on handling time, time per operation (cut), 
and number of operations. The handling time is a factor 
of the size of the component similar to that for flame cut 
components, although a great deal of repositioning occurs 
between cuts. This repositioning time, however, is best 
treated as part of the operation time.
Cutting operations can be divided into four types:
1 Edge trimming of unnecessary material
2 Rough division of raw material into strips (usually
on a larger guillotine) from which components can be 
more easily manufactured.
3 Final division of the strips into separate components
4 Corner 'snipping of the separate components to aid 
welding.
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These 'divisions are shown schematically in figure 93. 
Edge trimming depends on the size and accuracy of raw mat­
erial, If standard size raw material is used then two 
edges per raw material plate requires trimming. However, 
if raw material is specifically ordered for the components, 
and accurately cut at the steel mills, then the edges do not 
require trimming.
The number of rough divisions strips depends on the size 
of the component, generally two strips (one cut) are the min­
imum with four strips (three cuts) the maximum. The distri­
bution of number of rough division strips for samples from 
side shell and fore end blocks are shown in figure 94. 
Although the number of strips is inversely proportional to 
the component width this property cannot be used to estimate 
the number from the descriptive code as the width measure­
ment by range is too course. However for components whose 
width is less than 600 mm (code 1 upper limit) the average 
of 2.7 strips per raw material plate gives a fair estimate.
The outline shape (without corner snips) component dis­
tribution for PE guillotined parts is shown below.
First two digits 
of shape code 40 41 42 43 44 47 48
Number off 170 79 9 21 16 2 4
Most small guillotined parts in a ship are found to be 
connectors between decks and side shell, or bulkheads, or 
girders. Hence the vast majority of the 'three' sided 
components in the above table have their corners 'snipped 
to aid welding, and will become greater than four sided 
(code 47, 48) This is found to be the case with the com­
ponents in the Pore-end block. However they may still be
treated as three sided prior to the 'corner snipping’ 
operation.
It is found that components whose outline shape des­
criptive code began 40, 41, 42 or 43 nests very easily into 
strips in every case, requiring only one operation to sep­
arate the final component from the strip (see figure 93) 
the only exception to this rule being components beginning 
40 which require one 'starting' cut. These four plate 
outline shapes comprise 93^  ^of the total.
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The remaining shapes (mainly 44..) can generally only 
be nested 'back to back' with another component, therefore 
if the number of sides of a part is n the number of cuts 
to produce the item is n-1 (two components sharing one side). 
Thus for four sided components the number of cutting oper­
ations is 3.5 and for more than four sides (less than 3^ 
of the FE sample) the number of cuts is 4.5 (say)
Therefore for components whose code number begins 
40. 41. 42 or 43
time for edge trimming 
Tg = 2T1
where T^ = time per cut for large plates 
time for strip division
T^ = 0 (if component width 600mm)
Tg = 2.7T1 (if component width 600mm)
(Conditions from descriptive code)
Total operation time to divide raw material 
into strips
= 2T^ + 2.7T^
These are allocated by area to each component.
Total operation time per component
= Tg + (2T, + 2.7T ) a
where a = estimated area component (see )
A = Average area of raw material plate 
Y component cut time
For components whose code number begins 47 or 48
(3 sided with corners snipped)
T^ = Tg + (2T^ + 2.7T^ )a + 3T^
where T^ = time to 'snip' corner of component
For components whose code number begins 44
T = 3.5Tc z
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Chapter 10 Assembly IV'ork Content Estimation
10.1 Assembly component relationships
10.1.1 Assembly organisation
The use of flow assembly lines in shipyards to in­
crease productivity (see chapter 3.3) also increases the 
cost of assembly hold-ups. Operations become inter­
dependent and a production delay at one stage affects the 
entire manufacturing process. In order to organise flow 
assembly lines a breakdown of the ship into assembly stages 
and ultimately component parts is essential. The aims of 
such a breakdown are to design repetitive tasks and enable 
greater use of downhand welding (see figure 119) thereby 
allowing automated flow line work-s'tations to be designed. 
Thus the traditional practice of breaking down the ship
into components directly from berth erection units is being
superceded by intermediate divisions into flat panel, web, 
and bracket assemblies. Any breakdown, however, will never 
he completely hierarchial as loose components and minor ass­
emblies will frequently be required at all stages of assembly 
because of fabrication constraints. The two systems of 
product breakdown are shown in figure 95.
Difficulties arise with more detailed product break­
downs in the use of numbering systems. Identical piece- 
parts and assemblies throughout the ship should receive the 
same part number so that some of the benefits of mass pro­
duction can be achieved. It is also an advantage to en­
courage the use of standard designs for such items as lugs, 
collars, and tripping brackets. Thus two types of standard 
shipyard standards for highly repetitive parts will occur 
throughout the ships structure, and ship zone standards 
which apply to a specific area of a specific ship. The 
resulting hierarch of the ship product breakdown is shown 
in figure 96,
A product breakdown was defined for the SD14 vessel.
This was fully documented and numbered, and sketches pro­
duced to demonstrate the order of assembly. Prior to the 
definition of the breakdown itself a simple system was 
devised for coding and numbering the type of assembly at
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each assembly stage, this is described in chapter 5.4.
The exercise was subsequently repeated for the B26 bulk 
carrier and both sets of data were made available to the 
manufacturers (Austin and Pickersgill) and their consul­
tants (a .P. Appledore) to aid in the design of production 
systems. However to fully exploit such detailed product 
breakdowns assembly work content is necessary to balance 
proposed assembly lines.
10.1.2 Group technology in assembly
The assembly data collected was used for reference by 
A. and P. Appledore in the design of new steelworking faci­
lities for the Southwick shipyard of Austin and Pickersgill 
Data manipulation and retrieval was undertaken at Glasgow 
University and the consultants were^ initially given general 
information, and they later requested specific information 
when they recognised the potential of the data bank. The 
information was of two types; product breakdown informa­
tion including the number of assemblies of a specific type 
in each structural control group, and statistical distri­
butions of the numbers of components in each assembly type; 
and joint length incurred for each assembly type in each 
structural control group. The product breakdown gave an 
indication of the production control requirements, the 
material handling requirements, and the component work con­
tent involved. The joint lengths with the weld orienta­
tion implied by the assembly type gave an,indication of the
work content involved at each assembly workstation.
(47)
A. and P. Appledore personnel have described features 
of the shipyard facilities which are under construction and 
have referred to the adoption of group technology principles 
in the design of assembly areas. The primary breakdown of 
the ship into fabrication units was used in the design of 
workshops, and the design of a mechanised manufacturing bay 
for the construction of double bottom units for cargo liners 
and bulk carriers is described. The bay consists of a 
main assembly line which is fed by three additional work 
areas, the flow chart for the bay is shown in figure 97 
Both the main assembly and mechanised sub—assembly lines 
employ flow line principles and down-hand welding only.
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The matrix and bilge assembly areas make use of jigs which, 
although specialised, can hold different sizes of fabrica­
tion and allow flexibility when positioning sub-assemblies. 
In addition the bilge assembly jigs are capable of being 
rotated through 90^ to facilitate downhand welding. Al­
though this layout cannot be accurately described as a 
traditional implementation it employs many group techno­
logy principles, for example the initial segregation into 
flat panel structures, complex curved shell structures, 
and matrix type structures. In addition flexible but 
sophisticated assembly jigs are used to exploit similari­
ties in assembly types which are classified using a coding 
system which broadly follows group technology principles,
10,1.3 Component marshalling for assembly
Progressing and marshalling components for assembly 
has until now been simplified by the assembly techniques 
and work scheduling systems employed. Work packages have 
consisted of components comprising a complete fabrication 
unit. With the change from unit based work loading to lar­
ger work packages containing components from structure zones 
or groups (comprised of several fabrication units), the mar­
shalling of parts for sub-assembly and then unit assembly 
will become more difficult. This difficulty will be com­
pensated for by;-
a) the increase in the number of batches of components 
of similar characteristics which may be produced 
using mass or group technology principles.
b) the increase in use of flowlines for assemblies 
having similar characteristics.
c) the increase in number of components available 
for nesting operations (thus increasing nesting 
efficiency and reducing scrap percentages).
However, greater responsibility will be placed on the 
production controller or progress chaser to ensure that 
components are marshalled prior to assembly. The use of 
a descriptive code enables components to be easily located 
and identified by indicating the shape and size of the re­
quired part (see figure 98). Thus progress chasers 
searching for ’lost' components may be able to do so without
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needing to refer to manufacturing drawings, N.C. descrip­
tions, or assembly drawings. A descriptive code number 
also gives a strong indication of the process route the 
component should follow. The quality and quantity of 
personnel required to carry out the progress and marshal­
ling function can probably be correspondingly reduced. 
However, to enable these advantages of the classification 
and coding system to be fully exploited in marshalling and 
progress chasing a fully documented cross reference system 
must exist to cover the part number, the raw material mark 
number, and the descriptive code number,
10.1.4 Components in Assemblies
There will also exist a relationship between a spe­
cific unit or main assembly and the components which com­
prise the fabrication itself. Thus the type of unit, 
described by both function and configuration, will indicate 
the parts which will be used in its construction, and the 
production requirements to manufacture them. Alternatively 
the components forming a unit will give an indication of the 
type of unit involved and the difficulties which are en­
countered in its assembly. For example a group of compon­
ents of which many are curve sided plates which are roll 
bent, or sections requiring cold frame bending will most 
probably comprise a curved shell unit; if many of the com­
ponents have curved sides but are not rolled these will pro­
bably be transverse floors or longitudinal girders and the 
unit will probably be a double bottom unit in the curved 
shell area. Similarly groups of components consisting of 
a mixture of straight and curve-sided plates but with no 
forming and long straight section pieces will form a stif­
fened bulkhead or deck, while a group consisting of a mix­
ture of straight and curve-sided plates with flanges but 
very few section pieces will be a corrugated bulkhead.
Thus relationships exist between the type, shape, size and 
position of a unit within the ship and the components for­
ming the unit, and these relationships will be reflected in 
the complexity and resulting work content required to pro­
duce both the components and the assemblies. These rela­
tionships can be exploited in the areas of part recognition 
and marshalling, estimation of unit complexity and assembly
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work content from component data banks, and estimation of 
steel component production requirements and work content 
values from a fabrication plan (unit breakdown) of known 
unit types.
10.2 Possible methods of e s t i m a t i n g  work content
The complexity and thence assembly work content of 
fabrication units can be estimated from comprising com­
ponents, this can be attempted by two methods:-
a) by using direct correlation and regression techniques 
between the results of statistical analysis of the com­
ponents forming the units, and historical work content 
values for the assembly of the units themselves. This 
involves the collection of accurate historical work con­
tent values of assembly at unit level from a real ship­
yard environment, and the results would probably only 
then be applicable to that specific or a very similar 
shipyard. The results would also have only limited 
application in a modern shipyard employing tree struc­
ture assembly techniques. To be fully applicable the 
historical work content values would have to be related 
to the product breakdown and this would dramatically in­
crease the size of the required statistical analysis.
The results of the correlation and regression analysis 
would be used to derive empirical relationships to es­
timate assembly work content from statistical analyses 
of the components involved. This would possibly in­
volve the definition of statistical factors to be in­
put into the empirical formulae, an outline of a pos­
sible estimating procedure is shown in figure ?9 .
The method will be a .'top-down' technique in that 
lower level estimates are achieved using historical 
values from a higher assembly level.
b) by generating assembly welding work content values 
using the descriptive code numbers of individual compon­
ents and empirical relationships to define the welding
techniques which are employed, and the orientation of 
the weld or assembly (down-hand, vertical, overhead).
The welding techniques will be defined from the shape 
and production detail digits of the descriptive code
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and the joint lengths involved will be derived from 
the dimension range digits. The outline of the pro­
posed method is shown in figure 100 and an exercise 
attempting to develop this technique is described in 
the following sections. The technique will be 
*bottom-up' in that estimates will be made at the 
lowest level (i.e. individual components) and will 
then be aggregated to achieve higher level values, 
these can be devised to include any stage of fabrica­
tion from minor bracket and web assemblies to final
unit erection. An analogy may be drawn with well
tried predetermined time study systems such as P.M.T.8. 
or V.O.F.A.C. which are employed in general engineer­
ing industries. These are accepted as being inhere­
ntly more accurate than top-down techniques.
Work content values for the marshalling positioning 
and fairing of parts may be derived from a direct relation­
ship with the manhours required for final welding. Alter­
natively they may be found from a statistical analysis of 
the numbers and sizes of the comprising components similar 
to that described in the first estimation method,
10,3 Estimating Procedure
An estimating system for the derivation of assembly 
work content values has been developed and demonstrated 
using a shipyard example. Difficulties were met in 
the collection of precise historical work content informa­
tion at a low enough level to allow meaningful regression 
and correlation techniques to be employed. The shipyards 
who were collaborating in the project did not at that time
have work content data in a form fine enough to be of great
use, and other shipyards who had attempted to introduce 
various forms of work measurement, for example Doxford and 
Sunderland (now Sunderland Shipbuilders) and Govan Ship­
builders, did not at that time wish to collaborate in the
project. In addition it was decided that a ’bottom-up'
estimating system would be inherently more accurate and 
flexible than one devised using 'top-down’ principles.
The estimating system therefore uses the classification and 
coding system and the component data bank. It is designed 
to enable shape, size, and assembly relationships to be
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Figure lOO Outline of procedure to estimate assembly 
work content using descriptive code numbers 
to define welding technology. (Alternative 
is shown in joined lines).
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exploited to define the most probable welding techniques 
employed on the component part and thence the assembly 
work content involved. The outline procedure is as ' 
follows
1 Determine the function of the component from 
its shape code and size.
2 Define the position of the component at assembly.
3 Determine the orientation of the component from 
the sizes of the sides and the work station at 
which each side of the component will be welded.
4 Estimate the joint length for each orientation of 
weld (downhand, vertical, and overhead).
5 Multiply the estimated joint length for each weld 
orientation by the work content required per unit 
of joint length in the determined orientation at 
the determined work station.
6 Group the estimated work content values (by struc­
ture or by work station as required) to arrive at 
aggregated work content values.
It is realised that the relationships between com­
ponent shape and assembly details vary between different 
shipyards and different types of unit within a ship. It 
was therefore decided in the first instance to devise a 
model to describe the assembly techniques involved in the 
construction of one specific type of structure by one spe­
cific method. The type of structure chosen to demonstrate 
the procedure is that found in the double bottom of a ship; 
the structural details of this zone from several ships, and in 
particular the SD14 cargo vessel has been deeply analysed 
previously. Correspondingly a detailed knowledge of the 
assembly methods employed in the construction of the double 
bottom units of the SD14 at the manufacturing shipyards is 
known and this was used to develop the models required. 
Isometric sketches of the assembly stages are shown in 
figure 101 j and the assembly sequence is indicated.
The manufacturing procedure consists of the complete 
fabrication of the unit from components in unit workshops 
and on the erection berth. In the Southdock shipyard of 
Austin and Pickersgill curved bilge panels are added just
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Sholl bottom 
panel.
1 «Weld platea to 
form panel,
?.Seotlon stiffen panel.
LI
Tank top assembly.
1 .Weld plates (flat 
panel)
Z.Seotion stiffen panel. 
^.Assemble longitudinal 
girders and frame floors.
Turn over tank top 
and* assemble to bottom 
shell.
Assemble bilge panels 
»nd channel section 
stiffeners.
Figure 101 Double bottom construction sequence assumed in the
development of assembly work content estimating systems
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prior to launch, this is to allow entry into the ships hull 
during berth erection at any point along its length. How­
ever the practice in the Southwick shipyard of the same 
company is to shell out the unit completely as soon as the 
tank top structure is welded onto the shell bottom. This 
has been incorporated into the assembly model. The intro­
duction of sub-assembly stages to enable flow production 
principles to be applied as proposed previously will require 
a much more complex model to be developed. However, the 
present assembly procedure employed will be sufficient for 
the purposes of this example to demonstrate the development 
procedure, jlny shipyard developing models for its own use 
will have to describe the assembly sequence employed for 
each type of structure to be incorporated into the estima­
ting system. Prom this the orientation of weld for each 
edge of a component can be determined. For example in this 
case a component whose width is equal to the double bottom 
height is most probably a vertical placed double bottom com­
ponent, Consideration of the straightness of the component 
edges determines whether the part constitutes an inner or 
outer floor. In addition for outer floor parts a forming 
operation indicates a flanged outer floor and the holes and 
slots digit determines whether it is watertight or webbed.
For inner floor and girder parts lack of rectangularity is 
used to distinguish ends of floors or girders, and edge pre­
paration is used to differentiate between floors and girders. 
Again holes and slot configuration are used to determine 
whether the part is watertight or not. Parts which are 
not floors or girders are segregated into small brackets 
and large shell and tank top plates, this is again achieved 
by checking whether the shortest component side is greater, 
or less than the double bottom height. Small brackets are 
divided into those which are frame foot brackets, which are 
flanged, and others such as tripping brackets which do not 
need any forming operation. Rolled plates are immediately 
recognised as shell plates and large plate components with 
curved sides are generally found to be deck plates which are 
positioned at the intersection of the tank top and the shell. 
The edge preparation digit of the classification code imme­
diately signifies whether large plate parts are welded from 
one side or two.
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A decision flow chart was drawn to enable these indi­
cations to be employed with the descriptive code number to 
define the function of each part from its record in the data 
bank. Part of the flow chart covering section parts is 
shown in figure 102.
A fortran program has been written from the flow 
chart to investigate the classification code number and 
thus define the function of each part. During development 
input consisted of a record of forty digits corresponding 
to the first forty digits of a data bank record, this was 
manually typed into the system when requested by the pro­
gram, It is intended to adapt the input specification of 
the program to accept information directly from the data 
bank. Output consisted at this stage of the function of 
the component and a listing of the original input informa­
tion. Following debugging operations the program was tes­
ted using data describing various components from the dou­
ble bottom of the SD14. The percentage of correct fore­
casts was about 90-95%, and remaining errors were found to 
be of minor importance. For example short girder pieces 
were forecast as floors, but the work content involved in 
assembling both these is about equal as the orientation and 
weld type employed is the same. In general it was found 
that floors and girders, tank top, shell, and small brackets 
were adequately differentiated between and defined using the 
program.
The program has been used as a basis for a more com­
plex procedure resulting in work content estimate outputs. 
Following identification of the function of each component 
a series of subroutines are used to define the type of wel­
ding employed for each orientation of weld, the length of 
weld in each case, and thence the work content involved in 
manhour units derived from predetermined welding time data. 
The algorithms to define these factors, and of subprograms 
to employ them are described in the following sections,
10.4 Determination of component orientation
The position of the component in the fabrication unit 
is determined by its function and its shapé. For example 
a component having curved sides intersects with the shell 
surface, while one having all straight sides forms part of
221
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the matrix at the interior of the structure, (The curve 
also infers the orientation of the part in the structure.) 
Also a component having two or tliree straight sides with 
one side curved is, as stated previously, (nost probably an 
outer floor or tank top plate intersecting with the shell. 
The decision whether the part is outer floor or tank top 
plate is size dependent. The floor is as shown in figure 
103, the orientation depends on the relationship between 
the double bottom height and the bilge radius; however in 
the SD14 the longest side of the part is found to lie along 
the line of tank top as shown.
The orientation of twenty one possible varieties of 
component function were investigated in this way and the 
position and orientation of each determined in relation to 
their length and width. The assembly sequence to define 
the orientation of parts on welding is shown in figure 100 
and was discussed previously. It is assumed that all sec­
tion parts (longitudinals to shell or tank top and stiffen- 
ers to girders and floors) are welded to their parent plate 
parts prior to matrix assembly. An investigation of shell 
plates has shown that the orientation on assembly is depen­
dent on whether the part is formed. Shell plates with no 
forming are welded in a horizontal position, those with for­
ming are welded with both long edges horizontal and the 
curved short edges changing from horizontal to vertical.
Thus for shell parts an independent investigation of the 
form digit is required.
The full findings of the investigation of component 
position and orientation is shown in figure 104.
10.5 Determination of joint type and weld length
The welding schedule associated with the double bottom 
structure was investigated and used in conjunction with the 
previously devised orientation and function definition pro - 
cedures to find the type of weld required. Weld types con­
sist of fillet, butt, or section ends (see figure 105) with 
continuous or intermittent runs, and varying size of fillet 
leg. It was generally found that non-watertight girder and 
floor plates are welded using double sided chained inter­
mittent fillet welds and girder and floor stiffeners are 
welded using double continuous fillet welds. The spacing
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on intermittent welds is equal to the leg lengths with 
spaces on one side being bridged by runs on the other.
Run lengths are equal to an integer number of welding rod 
usages, preferably a single run. However at stress points, 
particularly at the corners of components the weld strength 
is increased by employing double continuous welds. This 
factor is compensated for when estimating the length of 
welded component side. Watertight floors and girders are 
welded in position using double continuous fillet welds.
Open floor supports (channel section) are welded at the ends 
only using fillet welds, for these components a standard 
assembly time can be found from time study. For each com­
ponent function an individual investigation of the combina­
tion of weld factors was made. The results of this investi­
gation are shown in tabular form in figure 106.
A weld length estimation associated with each compon­
ent at each assembly stage was found using the previously 
defined shape and function of the part. The assembly pro­
duction stages which were employed for this specific exer­
cise are simplified and only unit assembly and berth erec­
tion are considered. For a further division of weld work 
content by workshop assembly area a more detailed analysis 
must be made of components using their individual function. 
The methods of assembly employed will vary between indivi­
dual shipyards. However, the model which is employed here 
assumes that all floor, girder and flat panel stiffening is 
welded in a downhand position as occurs in a flow production 
system. Thus the simplified situation is still comparable 
with modern shipyard practice in that the total shed work 
and total berth work are correctly divided, and most orien­
tations of weld are assumed correctly.
Each function of component was individually scrutin­
ised to find the length of weld which is necessary to assem­
ble it into the unit or to the ship on the berth. The len­
gth was measured as a factor of the length and width of the 
component. This factor is dependent on the continuity of 
the weld required, the type of weld, and the shape of the 
component. Three typical factors have been determined as 
follows : —
a) Consider an outer open floor bilge bracket (com-
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ponent function à) as shown in figure 107. The 
top of the component is welded to the tank top in a 
downhand position with a 3/l6" leg double intermit­
tent (equal spacing) fillet weld as specified pre­
viously. This is therefore allocated a fillet weld 
of length L (L = longest side) in the downhand 
position in the unit assembly workshops. The flan­
ged side does not require welding but the curved side 
is welded at the berth. The orientation of this weld 
changes gradually from vertical to horizontal with 
the bilge radius, it is therefore assumed that a 
weld length of 2/3 L downhand and 2/3 W vertical 
(W = component width) is an adequate estimate of the 
length involved.
The value of 2/3 (L + W) for the curved side is ex­
tracted from a previous exercise to estimate the total 
component perimeter for flame cutting work content 
computation. This and other derivations for the esti­
mation of side lengths of non-rectangular shapes are 
discussed in chapter 9, section 3.3, these were con­
sulted throughout the exercise.
b) Consider the rectangular tank top plate shown in 
figure 107 (b) This component is butt welded on all 
four sides with a single weld run from one side (from 
single chamfer edge preparation). The total weld run 
around the perimeter is therefore 2(L + ¥), however the 
weld is 'shared* with the surrounding parts and the 
total perimeter is therefore halved. The resulting 
weld length for this type of component is therefore 
estimated as (L + ¥) in a horizontal downhand position 
in the unit assembly workshops.
c) Consider the frame foot bracket shown in figure 107 (c) 
It is assumed that the base is to be welded to the tank 
top in the unit assembly workshops after the tank top 
assembly (including girders and floors) has been turned 
over, this is before transport to berth and assembly to 
the bottom shell. The long side of the bracket is 
welded when the side shell unit is erected onto the 
bottom shell at berth. The weld leg length has been 
previously specified as 5/l6" and the type of weld as
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double intermittent fillet. The veld associated 
with this type of component is therefore determined 
as consisting of V downhand fillet in the workshops 
and L vertical fillet at berth erection.
All twenty one varieties of component function were 
individually analysed in a manner similar to that demon­
strated for these three.
Estimates of the lengths and widths of components to 
he used with the welding algorithms are arrived at by using 
the size ranges of the descriptive code number. The mid­
points of the ranges have been employed previously to esti­
mate component perimeters for flame cutting work content 
determination. The use of these midpoints and the probable 
resulting errors are discussed in detail in chapter 9*3.3.
10.6 Sources of work content values
Two possible sources of historical work content were 
investigated for use in the design of estimating systems.
The first source was historical yard data from shipbuilding 
companies who were at the time collaborating in the project, 
or who it was thought might be interested in collaborating 
to develop an estimating system. It was known through per­
sonal contact that H.M, Maynard had previously been employed 
to carry out an exercise attempting to install a work meas­
urement system at Sunderland Shipbuilders (then Doxford and 
Sunderland). However, no published literature was found on 
the exercise, and following a meeting with the technical 
director of the company Sunderland Shipbuilders stated that 
at that time they were not interested in collaborating or 
in allowing exploitation of the historical work measurement 
data for estimating systems. Another possible source of 
historical work content data was the Govan Shipbuilding 
company who were at the time developing work measurement 
procedures, however the exercise was at a very early stage 
and the use of it was not practically possible. The com­
pany promised full co-operation from its industrial engin­
eering department which was developing the work measurement 
procedures.
The second possible source of historical work content 
data was the information accumulated by the Welding
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Institute, The Welding Institute's Standard Data is a 
form of synthetic data, such as may be widely used to 
build up Standard Times by synthesis. It may also be 
used for other forms of estimation, such as the quantities 
of consummables required, or the weight of the completed 
weld. Examples of the use of butt weld standard data is 
shown in appendix L. The data concerning manual electric 
arc welding is presented in tabular form as a manual of 
edge preparations, run numbers, electrode size, current re­
quired, and operation times. Tables are presented for 
different orientations (downhand, horizontal, overhead) and 
type (butt, fillet) of weld. Each table consists of the 
time allowed per metre of weld for different size (parent 
metal thickness or leg length) of weld using different types 
and size of electrode. In addition the deslag and brush 
time are also tabulated for different leg lengths of weld; 
the slag deposited (and thus the content involved in re­
moving it) is also proportional to the size of leg and the 
electrode used. Separate tables are presented for auxil­
iary elements involved at each change of electrode, these 
include change of stick, change of gloves, and fitting of 
mask.
It was decided that the Welding Institute Standard 
Data was adequate for the development of the assembly work 
content estimating system. However should any shipyard 
wish to employ the system it will be readily adapted to 
utilize any shipyard welding data which may be available.
The basic elements of weld type, orientation, and joint 
length will be devised from modules of the proposed system. 
These can then be used in collaboration with individual 
shipyard data to result in an estimation of the time re­
quired to achieve a specified joint, and thus to weld a 
specified component into the required assembly.
The time involved in assembling a welded joint is 
divisible into three basic sections. These are the time 
associated with the start and finish of the joint, the time 
associated with changes of electrode, and the time associa­
ted with arc, deslag, and brush cleaning. Thus the total 
time to achieve the welded joint is given by:—
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T. = time for joint
Tj = Auxiliary elements per joint time
+ (Auxiliary elements per electrode time x number) 
( of electrodes required)
(Arc, Deslag, brush time) (length of joint)
(per foot of joint ) (in feet )
The times associated with start and finish of the 
joint remain the same for all types and orientation of joint. 
They include times for fitting gloves, fitting welding hel­
met, and preparing to carry out the weld. The breakdown 
of weld elements for this section is as shown below:-
Obtain welding gloves and fit to hands 0.085
Pick-up carbon electrode and holder and
fit carbon to holder 0.056
Pick—up face shield and position carbon
to work 0.077
Aside face shield 0.025
Remove carbon stubb and aside holder 0.031
Remove welding gloves and place aside 0.062
0.34
The times associated with change of electrode is the 
product of the number of electrodes and the time required 
per change. The time required per electrode change is 
given by the sum of the elements listed below.
Aside face shield 0.025
Remove carbon stud, pick-up new
carbon and fit to holder 0.062
Pick up fact shield and position
carbon to work 0.077
Total in standard minutes 0.164
The number of electrodes required for the joint is a 
function of the length of electrode, the length of electrode 
used per length of weld, and the length of the joint. The 
number of electrodes for a specified joint is given by:-
f^/d + 1 = fl + d
2 2d
where d = length of electrode
f = ft of electrode/ft of weld
1 = length of joint
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the total time for the joint is thus given by;
Tj = 0.34 + 0.164
l’or, any specified type, orientation, and size of weld 
using a specified electrode d, f, t^, t^ is constant, thus 
the total time to achieve the weld can be shown graphically 
as shown in figure 108. The three divisions of the total 
joint length time can be superimposed as shown. An appro­
ximation can be made for each joint length by smoothing the
step function of the line as shown in figure 108. The 
total weld time formula using this approximation is given 
by
Tj = (.34 - 0.82 ) 1 (.164 f ) + (t^ + t^)
or Tj = .258 + 1 .164f + (t^ + t^)
This formula is used for all weld runs in the exer-
w
Data.
cise ith values of t^ and t^ extracted from Standard
In the first instance it was decided to devise pro­
cedures to incorporate this algorithm into the main program 
for fillet welds. The mid-points of the descriptive code 
ranges are shown in figure 109, these have been transposed 
into imperial dimensions to be compatible with the W\I. Data. 
Using these values tables were defined of synthetic values 
for 3/1 6 " leg, 1 /4'* leg, and 3/8" leg fillet weld for down- 
hand, vertical, and horizontal orientations. The tables, 
together with derivation formula are shown in appendix I».
Sub-routines were written for combinations of leg size 
and orientation (nine in total) and statements were added to 
the main Fortran program to call the relevant procedure when 
required. The different orientation, weld type, leg length, 
and workplace at which the welding operation takes place 
(workshop or both), have already been defined for each edge 
of the component in the main program. The sub-routines 
then investigate the size digits of the classification and 
coding system and allocate a time to each joint of the part*
10.7 Total system design and use
The program for estimation of assembly work content 
estimating is presented in appendix M , the flow diagram
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for the program is shown in figure 110, The program con­
sists of two sections; the main program and a group of 
sub-routines.
The. main program (pages 1 to 4, Appendix M) consists 
of an investigation of individual digits of the descriptive 
code number to determine its function, position in the unit, 
and the orientation at which each edge is welded in relation 
to its length and width. At this point the data record is 
reproduced and the estimated function of the part is printed 
for information purposes. With the knowledge of the com­
ponent weld type and orientation at weld the main program 
then calls up the relevant sub-program to estimate the time 
required to complete the relevant welded joints. One or 
two possible orientation weld sub-programs from several 
alternatives may be called for each part. The alternatives 
are downhand, vertical, and overhead for fillet welding with 
the same orientations plus horizontal for butt welding.
The orientations are shown in figure 105.
The sub-programs for butt welded joints have not yet 
been fully expanded. In this case the type of weld will 
vary drastically between different shipyards, possible vari­
ations including single or double sided welding and presence 
or absence of backgouging. For these reasons it is felt 
that potential users will be advised to develop sub-routines 
based on their own production methods for butt welding. 
However the sub-routines which will be devised will be very 
similar to those developed for fillet welds, and Welding 
Institute Standard Data may again be exploited.
The Welding Institute Standard Data which has been 
employed in the example program expresses time values in 
basic minutes, these are minutes of British Standard rate 
of working without any allowances of any sort. Thus allow­
ance factors must be introduced for items such as difficulty 
of working conditions (confined spaces), fume extraction 
equipment handling, cover facilities (indoor or outdoor 
welding), crane waiting time, and rest contingencies. Ex­
ercises must be undertaken in the shipyard of any potential 
user to define the required factors.
Example output from the estimating system (not in­
cluding butt weld estimations) is shown in figure 111.
234
tn
r\
X I  O
3
II
235
.Si
<r<r
?ca
'alOca
H-
co
0.
rn
o
r5
r-
n
ca
a
•a
■a
Kl
<r
<T
a-
o
ca
m
ca
ON 
ta • 
■a ca•X" • *
ro
ta —• Il 
Il
n. _:
rnt fij '1:
o 1 ^
^  (-4
^  f- Q *
co 
• fO £T :=; 
-4 •
a
"ara
ca
<r
lO
<r
-a
KJ
lO
la
n
n .j a
. 4 t'i «a 
ra 
• ^ a 
it. ta
(-« f.
ni n
'J  D.
lO
n.
a
a
a
"a
a"
10
<r
Kl
:a
10
ra
n.
u 'I
—« w
n  f -  
Q •M .a 
CO A 
• ItJ 
p-
A •
I»-. (t.
O ,Q >
a !.\J
03 î'—• 'O
a a
a a
a 3ta a* 03 a
a 0 a C\]<r p-
a
a >'D atO
■r a 'Mo
<r r~. LO P.ir\ . 3 0\ •a o <r• a ■ 3 • a ■A '0 •ta 0 o\ a r~ -0 -0a * • •—* a •—• r—1 t\J rtj O'I •■'Jta I ■a I
I a I0. :?!H-l ', » hHX- n •A l-H•r*<r n ■ "J10 -'M ta w ’A 0, C^ V_f'0—• ta 1 o ca !tl—J
0. (.3I 1 ’ ►-«H f- t-iHH !.]£•“(-4 a* Q • n ru . n. \ a a a .A ■a 03 b n ,4t'Ico ta ta 4 ta ta < A '-4r: •a ta • ■ 4rî a :>• r fO :s• a — p: :•: •a *—4 :-a •P-.ta '1 4 • It,.-•an tt.* •• n lu it. • *• n .4 ft.H • H r- 1 t*PI (3 H » m :a ta •t X p'(0 n. n X •tj0. N (4r> .-4C-* o 4 r> A O'* LO o >
H
M
0)
M
&
k
236
When fully completed the results from the system will be of 
use in the simulation of alternative methods of assembly 
and shipyard design. In such simulations different manu­
facturing models may be devised and estimations of work 
content involved in workshop areas or modules of each model 
may be found. These work content values may then be used 
to balance work loads for each module in the model itself. 
Thus the different manufacturing models may be compared 
objectively, using computer simulation and data processing 
techniques. The results may alternatively be used for the 
preparation of work schedules for assembly areas. The in­
dividual component estimations will be aggregated to achieve 
grouped work content values for work packages compiled ac­
cording to the manufacturing system employed in the shipyard. 
As previously described the assembly model which is used to 
devise the estimating system will vary between different 
shipyards and different structure group or unit type.
Thus the model employed will vary from assembly of components 
directly into the unit or a full breakdown into panel, web, 
and bracket assemblies. In each case the tasks of identi­
fying the component function, specifying the weld types to 
assemble it, defining the work station at which each joint 
is assembled and the orientation in which it is welded.
Implementation of the system will require careful 
monitoring of the variances between estimated values and 
the actual times taken, which may be caused by the two fac­
tors of volume and time. Volume variance occurs when more 
work has been undertaken than was estimated, and time vari­
ance occurs when the value of work has been estimated corr­
ectly but the estimated times are incorrect. By investi­
gating these errors the estimating system itself may be 
refined and its accuracy eventually improved.
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Chapter 11 Discussions and conclusions
11.1 The Aims of the work
The original objective of this work was to investigate 
the feasibility of applying the production analysis techni­
ques of general manufacturing industry to the building of 
ships hulls.
The motivation for doing this was In part the belief 
that the declining role of British shipbuilding, relative 
to that of other nations, was mainly caused by a failure 
to develop new and better manufacturing systems.
However the British shipbuilding industry is not 
identical to its foreign competitors, otherwise much more 
could be achieved by merely copying their methods. In 
fact the situation in the U.K. is more complex because 
British yards aim to be flexible enough to make ships of 
many different types. Abroad there has been a tendency for 
shipyards to specialise by limiting the variety of ship 
types on offer. This has enabled foreign yards to reap 
the benefits of specialisation, notably by using special 
purpose equipment.
Whilst this pattern has been developing in the ship­
building industry changes have been taking place in general 
manufacturing industry in the U.K. Here significant 
improvements in productivity have been achieved by the 
adoption of new production analysis techniques, usually 
computer based. In this work it was hoped to adapt these 
techniques to shipbuilding so that similar improvements 
could be derived.
In effect it was being assumed that a general purpose 
shipyard and a general purpose manufacturing unit had 
sufficient in common to enable management and control 
techniques to be transferable. Clearly it was necessary 
at the outset to test the validity of this assumption.
Thus a start was made by looking at a number of shipyards 
to find our how they were operated.
It soon became clear that there were considerable 
differences which were sufficiently serious to require a
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reappraisal of objectives.
First there are fundamental organisational differences 
between the two types of industry. Indeed the organisa­
tional structure of the shipbuilding industry has more in 
common with that of the civil engineering industry than 
with that of the general manufacturing industry.
Second and more important it was discovered that the 
average shipyard does not record essential production data. 
Instead it leaves a great deal of production planning to the 
experience and skills of the workforce. (A somewhat 
similar situation existed in manufacturing industry at the 
turn of the century before the introduction of scientific 
management). Thus it is unusual in a shipyard to generate 
data about component process routes, assembly welding stages, 
component and assembly standard times, and standard costs.
In modern manufacturing industry such information forms 
the fundamental data base by which production control is 
exercised, and it is therefore an essential part of the 
system. Indeed the latest production analysis techniques 
are even more dependent on this information than previous 
methods ever were and, of course, the availability of 
computers makes the manipulation of such data a relatively 
simple task.
Thus the absence of such data in the shipbuilding 
industry made the initial objective of the work impossible 
to achieve. On the other hand it pointed the way to an 
even more useful project. This was to devise ways and 
means of filling the information gap so that, ultimately, 
control could be exercised through knowledge of the real 
situation. The original objective was therefore amended 
to that of developing methods of collecting, analysing and 
exploiting information, mainly design data, with the aim 
of establishing reliable production information. This 
entailed establishing computer data banks which described 
all the components, sub-assemblies, and assemblies for a 
complete ships hull. To achieve this it was necessary to 
design a descriptive coding system which indicated, among 
other things, the manufacturing features of components and
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assemblies. In this way design data was exploited for 
the purposes of generating production data.
The details of what has been achieved are summarised 
in the next section but in simple terms it amounts to 
filling the information gap between design and production. 
This enables all the processes of raw material requisition­
ing, component process routing, work content estimation, 
and production-scheduling to be carried out with speed and 
reliability. From this base it should now be possible to 
evaluate the practicality of introducing modern production 
analysis techniques and the potential gains from any 
shopfloor reorganisation.
11.2 The techniques developed
The techniques which have been developed in this work 
enable potential users to;
. collect ship hull manufacturing information directly 
from a design data base in a consistent and all embrac­
ing manner.
. analyse raw material orders for ship hull manufacture, 
and estimate raw material requirements from ships 
drawings using a computer data bank.
. analyse ship hull components in four ways; total hull 
analysis, structure group analysis, shopfloor scheduling 
analysis, and group technology analysis.
, use a computer to derive component process routes from 
ship drawings by means of a descriptive coding system 
and component data bank.
. use a computer to derive component manufacture work 
content values from ship drawings by means of a 
descriptive coding system and component data bank.
. use a computer to derive fabricated assembly work 
content values from ship drawings by means of a 
descriptive coding system and component data bank.
Unique computer data banks have now been compiled to 
describe the shape, size and production features of ship 
hull components (see Chapter 5). They are of a fixed
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format, digitally significant type, and they employ coding 
systems which have been specifically designed for the 
purpose. The data format is a simple, quick, and efficient 
method of collecting raw material, component, and assembly 
information for ship hull steelwork. Each computer data 
bank describes components and assemblies which comprise a 
total ships hull. They can be analysed quickly and 
efficiently by using standard statistical analysis packages 
and computer programs. They therefore enable statistical 
analysis to be undertaken for both raw material and ship 
hull components. They also enable production information 
to be derived directly from a design data base, and thus 
allow quantitative investigation of ship hull production 
systems.
Studies of raw material usage can be undertaken using 
existing plate and bar orders. It is also possible to 
estimate raw material requirements where orders are not 
available. In both cases computer retrieval and analysis 
packages are used with the computer data bank to handle 
large amounts of information. Such analyses permit 
rationalisation exercises to be undertaken which result in 
savings in steel costs, stockholding costs, and handling 
costs.
Computer programs which calculate weight increases 
resulting from the specification of 'standard' plate widths 
and thicknesses have been written, and these show that the 
benefits of raw material rationalisation can be achieved 
with only a small increase in ship weight (see 7.2). These 
techniques are applicable wherever raw material lists are 
available (Appendix D).
Alternatively, raw material requirements have been 
analysed using estimates based on component data (see 7.3) 
These estimates have been used to calculate the paint and 
material handling equipment needed for section bars. These 
techniques can be used where raw material lists have not 
been compiled, and they have already been so employed in a 
shipyard development.
Analysis of ship hull components will be of value in
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three areas; in the manufacture of steel components, in 
the assembly of components to form the ship hull, and in 
determining material handling requirements in shipyards.
Four types of component analysis have been undertaken.
These were an investigation of total ship hulls, an investi­
gation of work packages for material ordering and shop 
loading, a synthesis of the operation of a shipyard over a 
time period, and an analysis for group technology.
In each case the relationships between component shape 
and size, and the manufacturing methods employed has been 
considered. Component process routes are dependent on 
combination of different features which are indicated by 
digits of the descriptive code. Thus a set of standard 
statistical tables was devised to specify component sizes 
for each possible process route. Although these tables 
primarily specify the shape and size of components they are 
presented in such a way that a shipyard manager or designer 
may align them to the production methods employed in his 
shipyard, and where a manufacturing décision is shape and 
size dependent he is given the information necessary to 
make it.
Total ship hull analysis (8.2) allows quantitative 
comparisons to be made of different types of ship, or of 
similar ships manufactured in different shipyards. It 
has been found in general manufacturing industries that 
such an analysis results in a better knowledge of machine 
tool requirements. If exploited in shipbuilding this will 
be beneficial to machinery manufacturers in design, and to 
shipyard users in plant selection. Fabrication work pack­
age analyses and work schedules for a specific ship have 
been used to study component manufacture over a time period 
(8.4). Graphs of components in workshop production for one 
ship have been plotted, and the workload over a longer period 
has been synthesised by superimposing graphs of component 
numbers for several ships. Results show that this technique 
highlights workload imbalances, and if it is employed in 
production planning a 'smoother* building programme results.
The analysis of ship hull components will be of value 
in the rational design of steel preparation facilities,
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possibly based on group technology principles. It has 
been shown from an analysis of the products of one shipyard 
that component families can be established (8.5), The 
components in each family have similarities which can be 
exploited by manufacturing them in group technology work- 
cells, and processing plant has been specified for each 
cell. The balancing of workloads for the cells has been 
investigated using percentages of total production only, 
but future investigations will be able to exploit the 
work content information which can now be generated from 
component data banks. However, the implementation of group 
technology manufacturing cells is unlikely in small to 
medium sized shipyards for three reasons. First, there is 
a lack of workspace to accommodate workcells or for storage 
of component parts. Second, the number of existing machine 
tools is few and the cost of additional plant is high.
Third, the existing practice of nesting components into raw 
material pieces can be practiced most economically if all 
components are available. Component manufacturing cells 
will therefore probably be first implemented in a 'green­
field* shipyard design.
In present circumstances component analyses and work 
schedules can best be used to investigate workloads over 
the building cycle of a ship. Shipyard workloads over 
longer periods can then be simulated by superimposing work­
loads for individual ships, and the effects of changes in 
schedule can be more accurately forecast.
In addition ship hull component statistics will be 
valuable to machine tool manufacturers as a source of data 
on machine size capacities required in the industry. The 
relationships between the shape and size of components and 
the methods to manufacture them has already been established 
(8.2), Further work is needed by machinery designers to 
ensure that the plant available at the moment is of the 
optimum size. The level of technology of the machines 
also requires investigation, principally by shipyard users 
who tend automatically to use high technology n.c. cutting 
equipment when straight line flame planners would suffice.
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Comprehensive data analysis also provides accurate 
information about the material handling needs of a shipyard. 
Capital expenditure on material handling equipment can be 
higher than that on process plant, and it is therefore 
essential that the right equipment is selected. A good 
data bank permits a fast analysis of raw material, compon­
ents, assemblies, and berth erection units, and their 
orientations at different stages of production. The data 
can then be used to specify and select handling equipment.
The derivation of production information directly from 
a design data bank using computer programs is a new concept 
in data base exploitation. Previously route sheets and job 
cards have been compiled manually by process planners, and 
on rare occasions job times have been estimated using 
simple work measurement techniques. In-depth applications 
of analytical work measurement methods (i.e. time study 
and synthetics) have not been successful in shipbuilding. 
This is because of the wide variety of work, and the hist­
orical opposition of shipyard workers to piecework payment 
systems. Present group bonus payment systems are invar­
iably based on steel weight throughput. They are not 
very satisfactory because of differing complexity of ship 
structures. A need therefore exists for simple methods of 
estimating work requirements from other factors. The 
methods which are described here, although not accurate 
enough for individual piecework implementations, are 
suitable for use in production planning and group bonus 
systems. They involve the exploitation of component data 
banks to improve process planning and work content estima­
ting (9.3 and 9.4).
Computer planning systems which define process routes 
and work content from component code numbers have been 
developed for a collaborating shipyard. They are faster 
in response and inherently more consistent than present 
manual planning methods. A comparison of computer planned 
process routes and routes defined by planning engineers 
showed 90% agreement. Although the shipyard for which 
the planning system was developed employs low technology, 
the technique can be used in more complex manufacturing
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systems to cover individual equipment, jigs, and fixtures.
A plate cutting length estimating system has also 
been developed. Estimated cutting lengths for work packages 
of ten components'were found to be"within 15% of actual
values, and the standard deviation'of the percentage error was
10%. Thus the cutting length estimating system is of 
value when work packages of normal size are considered.
The component data bank has also been exploited to 
improve assembly work content estimates. Particular 
attention has been paid to the breakdown of a ship hull 
into sub-assembly stages, and to the recognition of compon­
ents from their code numbers (10.h and 10.2). It has been 
shown (10.3) that there is a relationship between the code 
number of a component and its position in an assembly.
This relationship has been exploited to estimate welded 
joint lengths (and thence assembly times) from component 
code numbers (see 10.4) for a specific type of fabrication.
A general assembly procedure for the fabrication type must 
be defined by a potential user for his own shipyard 
facilities. However the function of the components will 
remain the same, and the joint length estimating and work 
content grouping methods which are described will be valid 
for all shipyards. The methods of deriving operation 
times is based on Welding Institute Standard Data, although 
other methods can be substituted if required. It is 
evident from assembly analysis that many common assembly 
features exist among the various types and size of ship 
studied, and that they can be exploited to improve plant 
layout.
A major aim of shipyard assembly area design is to 
maximise the use of downhand welding. This can be more 
easily automated than vertical or overhead welding, and 
it results in a faster rate of metal deposition. (Downhand 
welding times are about 60% of those for similar vertical 
joints). Given the type of data collected in the work 
described here it is possible to design assembly lines for 
a particular yard which maximises downhand welding.
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11.3 Practical' applications; of thé techniques
Following the work described here the value of computer 
data banks in production analysis and planning has become 
recognised within shipbuilding. Data banks are now computer- 
stored at many shipyards, although in most cases they are 
used principally for material ordering and control, and for 
component numbering and marshalling for assembly. They 
generally lack the degree of detail of the data banks compi­
led during this work, and they do not indicate production 
methods or work content. Three organisations have shown 
more active interest in the techniques described here; they 
are Austin and Pickersgill, A.P. Appledore, and the British 
Ship Research Association.
Austin and Pickersgill and A.P. Appledore were partic­
ularly interested in demonstrations which involved listing 
components by type from specific assemblies. A computer 
package capable of executing this task was found to be 
readily available to A.P. Appledore, and following costing 
exercises a copy of the data files describing ships manuf­
actured by Austin and Pickersgill was transferred to their 
facilities. The techniques have proved to be of value in 
the calculation of material handling requirements for a 
shipyard development.
Computer production information systems are now being 
developed in a number of shipyards for material ordering, 
component manufacture, and marshalling for assembly.
However, these systems are based on production data which 
is manually specified. They require greater effort and 
specialised skills from production departments than those 
described here. The data manipulation and retrieval 
techniques can, however, be applied to any data storage 
system which employs a standard fixed format.
Further work on the compilation and exploitation of 
data banks is being undertaken by A.P. Appledore and the 
British Ship Research Association (B.S.R.A.), A.P.
Appledore are employing an amended and abbreviated version 
of the coding system described in the thesis to compile 
ship hull data banks. B.S.R.A. are using the coding system 
with only slight amendments to compile data banks for
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several ships as part of an Advanced Technology in Ship­
building (A.T.S.), project. They are then investigating 
possible alternative work content parameters using the 
coding system and the data banks. They are also using 
the data banks to investigate plant and equipment require­
ments for ship hull production. It has already been shown 
(Chapter 8) that the data bank indicates production methods, 
and these relationships have been used as a basis for the 
design of standard statistical tables (8.2). However 
plant and equipment requirements were not fully investigated, 
it is intended to do this as part of the A.T.S. project. 
Information presented in the thesis was supplied to, and 
used by B.S.R.A. to part justify the A.T.S. project.
B.S.R.A. also plan to exploit the coding system to 
output production information from the Ship Structural 
Design System (S.S.D.S.), This is a computer aided design 
system for ship hull steelwork which is currently under 
development. It encompasses the entire design function 
from preliminary ship specification to the definition of 
n.c. information for production purposes. It involves 
the definition and development of a design data base, and 
it is envisaged that components may be coded directly from 
this design information.
Selected examples of the techniques described here were 
outlined in a paper (48) presented to a working party on 
group technology in shipbuilding at Newcastle University.
A wide variety of interests were represented in subsequent 
discussions, ranging from shipyards (eleven companies), 
research and consultant establishments (two), universities 
(two) and a draughtsman's union. Other papers presented 
at the working party covered assembly, and many of the 
establishments concerned had contributed in developing the 
techniques.
11.4 Gene ra1 recommendati ons
World shipbuilding is at present passing through a 
phase of deep recession and vast overcapacity. The latter 
has been caused by new shipyards which were built to meet 
the sudden demand of the mid-sixties, combined with a sub­
sequent recession in world shipping since then (see Chapter 2).
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Many companies are accepting contracts which result in 
financial losses, but they can only do this if they have 
enough capital or financial backing to survive. This is 
particularly so with Japanese shipbuilders. Financial 
backing usually comes from government sources (U.K.), or 
from large multi-industry combines of which the shipbuilding 
company is one part (T.H.I., Mitsubishi). It has led to a 
rift between Western Europe and Japan, and finally to 
tenuous agreements for a planned cutback in capacity on both 
sides.
The British shipbuilding industry is in a strong posi­
tion to survive the recession for three reasons. Firstly, 
the government has been willing to back shipbuilders with 
shipyard redevelopment grants. These are being used to 
improve facilities at various shipyards, many of which are 
now capable of coming into full production (Cammel Laird, 
Austin and Pickersgill, Sunderland Shipbuilders, Govan). 
Secondly, since nationalisation the government has been 
more willing to subsidise contracts from overseas with low 
or interest-free foreign-aid grants. Nationalisation has 
also led to a centralised marketing policy, and closer 
collaboration between previous competitors against overseas 
shipbuilders. The third and most important reason is that 
Britain has the design experience and the best type of ship­
yards to meet present and future world shipping needs. Most 
of the new overseas shipyards which were built during the 
mid-sixties were designed to build supertankers. Since 
the collapse of the tanker market these shipyards have been 
forced to accept orders for much smaller ships which they 
cannot build economically. British shipbuilders, with the 
exception of a few shipyards, are geared to build smaller 
and technically more complex ships (cargo liners, product 
tankers). This is particularly true of the new shipyard 
developments listed earlier. However to take advantage 
of its relatively strong position, British shipbuilding 
must improve its management techniques. The most important 
areas for improvement are the design-production interface, 
production planning and control, and industrial relations.
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At present ship design and ship production are conceived 
of and practiced as two distinct and separate functions.
A ship is designed, and only then does the information to 
manufacture it start to be generated. These two functions 
should be fully integrated then manufacturing information 
can be generated as the early stages of a design evolve, 
and manufacturing information can be fed back into the 
design at the same time. Ship designers should be familiar 
with good current engineering practice, and they should 
incorporate this at the preliminary, as well as at the detail 
design stage. This is particularly important to fully 
benefit from the techniques of modular construction, 
standardisation, and variety reduction during manufacture. 
Ships should be designed to use, where possible, plates and 
section bars selected from shipyard standards• Each 
structure zone should be designed so as to be made up of a 
number of similar units, which should be of a length equal 
to a pre-determined shipyard standard plate-length. In 
addition standard codes of procedure should be devised which 
will introduce consistent design-for-production principles 
into the practice of steelwork detailing. These may be 
incorporated into the many computer aided design systems 
which are being developed throughout the shipbuilding 
industry.
Until now detailed investigations of the planning and 
control function in ship production have not been possible 
because of the lack of good standard work content data. 
Consequently improvements have been only slight, and prod­
uction systems still basically consist of releasing material 
and marshalling parts for assembly of large structural units. 
The inherent skill of the workforce is relied upon to 
process steelwork between these stages. This often leads 
to imbalances in planned workloads which are compensated 
by excess work in progress (see 8.4). This must result in 
a less than optimum manufacturing situation. In this work 
it was not possible to investigate production planning and 
control in shipyards as fully as was desired. However 
future researchers will have available the data banks, 
process planning, and work content estimating systems which 
have been developed. Detailed quantitative investigations
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can now be made of production planning ^nd control in 
shipyards. The most fruitful area of investigation is 
likely to be a study of specialised flow lines for the 
manufacture of similar components or small welded assemblies. 
Work has already been done on components (see 8.5), but at 
that time detailed work content data was not available.
Flow lines will take full advantage of repetitive tasks, 
down-hand welding, and conveyor material handling systems.
It will now be possible to balance and control such flow 
lines using the work content estimating systems which have 
been developed.
Industrial relations are generally poor in shipyards. 
Some of the worst disputes have been caused by pay different­
ials between various trades. These differentials were 
originally based on the skills of trades which have since 
changed considerably. One example is the highly skilled 
plater-boilermaker who has been replaced by the lesser 
skilled welder, however pay differentials still exist in 
his favour. This has led to inter-union and demarcation 
disputes, and a 'leap-frog* effect on wages. Industrial 
relations seem to have improved recently by a process of 
attrition, particularly since nationalisation and the 
introduction by the government of national limits to pay 
increases. Lines of demarcation have been cut to allow 
better use to be made of the available labour force. However 
the practice of threatening to switch contracts to other 
nationalised companies unless a no-strike guarantee is 
given by the workforce of a particular yard can only damage 
industrial relations. (e.g. Polish order for Swan-Hunter 
1977). While solving problems in the short term it will 
lead to deeper resentment of management, who it will seem 
are using the present economic climate and nationalisation 
to suppress disputes. Efforts must be made to improve 
industrial relations on an industry-wide front before the 
shipbuilding market improves, otherwise traditional problème 
will recur.
British shipbuilding has a reputation for poor produc­
tivity and late deliveries which although deserved to some 
extent, has been exaggerated by the national press. However,
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there have already been noticeable Improvements in prod­
uction facilities, shipyard management, marketing • 
techniques, and industrial relations. It must use 
public relations techniques to promote these improve­
ments through the media must as in the past its short­
comings have been publicised. Only than can it re­
establish the reputation of British shipbuilders for good 
design and delivery to contract.
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Industrial Collaboration
In order to ensure that this thesis has practical,, 
value efforts were made to contact shipyards who might 
wish to collaborate in the associated research* A com­
prehensive list was compiled of all major shipbuilding 
and shiprepairing companies which were geographically 
accessible. Individual members of large shipbuilding 
groups were omitted in favour of a direct approach to the 
managing director of the respective group. This resulted 
in nineteen feasible shipyards who were asked if they wished 
to collaborate. In addition three * remote* shipyards were 
approached to find out if they wer^ working in associated 
areas, although their collaboration was not sought. The 
shipyards who were approached, together with their responses 
are listed in figure "A(1 )
The initial response from shipyards to letters re­
questing collaboration was disappointing. Of nineteen 
shipyards approached, only four expressed interest in 
active collaboration, although a further five said that 
the time was inopportune but future work might be possible. 
Ten shipyards did not wish to collaborate or did not reply. 
It appeared that of the yards which showed interest, the 
smaller companies were more likely to exploit proposals 
put to them. The larger yards appeared to be less likely 
to adopt suggestions until they had been proved in smaller 
organisations. The four shipyards who wished to partici­
pate, with details of collaborative efforts are as follows:-
Ailsa Shipbuilding and Engineering. Troon. Ayrshire
This is a small shipbuilding company of 400 to 500 
employees who build ships up to about 5000 tons. Ships 
were at that time erected on two slipways and there was 
also a small drydock for ship repair and servicing. A 
ten day familiarisation period was spent in the Ailsa ship­
yard in October 1972, and a short report on the findings 
and plan for future action was presented to the company.
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A further period was spent with the company in early 1973 
to collect data describing the ship's hull steelwork of a 
5000 ton sand dredger. All of the basic systems of data 
collection and analysis were developed and refined during 
these periods and the considerable help of the yard manage­
ment at this early stage contributed greatly to long-term 
progress•
Ryton Marine, Wallsend, Tyne and Wear
Ryton Marine was a newly established shipbuilding 
company. The workforce at that time was 200 strong but 
there were plans for expansion and the aim was to increase 
this to 450. Ships, consisting of small coastal ferries, 
tugs and fishing vessels, were built on two totally covered 
shipways and new steelworking facilities were planned,
\/hile the shipbuilding facilities were being developed the 
yard management was continued on a "day-to-day” basis with 
the shipyard manager seemingly in sole charge and control 
of shipbuilding operations. During short periods in the 
shipyard data describing the double bottom structure block 
of a 3000 ton coastal ferry was obtained. Before further 
work was possible the company was put into liquidation, thus 
ending the possibility of further collaboration,
Scott Lithgow. Oreenock. Renfrewshire
Scott Lithgow are a large lower Clyde based ship­
building company with several shipyards producing ships up 
to 250,000 tons. An initial period of data collection was 
spent in the Kingston shipyard and a short initial report 
of findings presented to the company. No further colla­
boration was proposed by the management.
Austin and Pickersgill. Sunderland. Tyne and Wear
This company specialises in the SD14 vessel, a series 
"shelter deck" cargo ship of 14000 tons which is built in 
two shipyards, each employing two shipbuilding berths. 
Following an initial familiarisation period and first 
report, data describing the hull of the SD14 was collected 
and analysed. Two further reports were subsequently pre­
sented to the company. Orders were subsequently received 
by Austin and Pickersgill to build five 26,000 ton bulk 
carriers {B26's) and a comprehensive shipyard redevelop-
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ment project is now nearing completion. This involves the 
erection of a totally enclosed shipbuilding factory with 
allied steelworking facilities to replace the two existing 
shipyards. A revised building method for the SD14 and 
B26 has been devised by A. and P. Appledore (Shipbuilding 
Consultants) in an attempt to significantly reduce berth 
cycle times by pre-assembly techniques. Data banks des­
cribing the two ships' hulls (SD14 and B26) were prepared 
and used by both companies in the design of the new ship­
building facilities.
Following collaborative work with the above companies 
three further companies have shown interest in the com­
pilation of a data bank to describe the ships, or type of 
ship which they are producing. These are:-
Camel Laird. Birkenhead. Cheshire
Camel Laird are nearing completion of a large redev­
elopment project and are producing a series of 55,000 ton 
product tankers (STAT.55) This is the first type of a 
series of ships of similar design but differing size.
A data bank describing the hull of the STAT.55 has been 
compiled from steelwork assembly drawings, direct from the 
ship drawing office.
Swan Hunters. Wall send. Tyne and Wear
Swan Hunter have supplied drawings and material lists 
for a 130,000 ton crude oil tanker (very large crude carrier 
- VLCC) and work has been started to convert these also into 
a computerised data bank for analysis and production pur­
poses. Due to delays in receiving drawings and difficul­
ties in employing labour for data collection, work on the 
preparation of the data bank for Swan Hunter has been 
slower than expected and is about one third completed.
Harland and Noolf. Belfast
Harland and Woolf have supplied drawings for a 
250,000 ton oil tanker (V.L.C.C.) for preparation of a 
data bank. However, due to limitations of time and piece- 
part coding facilities this work has not been started.
The ship itself also differs slightly from thos presently
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in production, although the ship's hull statistical anal­
ysis would not be significantly different.
In addition to liaison with shipbuilding companies 
active collaboration has been maintained with the British 
Ship Research Association, and with A. and P. Appledore 
(Consultants)•
The British Ship Research Association is the central 
research organisation of the British shipbuilding industry. 
It is funded jointly by the industry and the Government, 
and is organised in four main divisions - Naval Architecture 
Production, Computer, and Marine Systems. Close liaison 
with the Production Division of B.S.R.A. has been maintained 
throughout the research period and various ships' hull sta­
tistics were supplied to them. These were used as part 
justification for an Advanced Technology in Shipbuilding 
(A.T.S.) project, part of which is the generation of a sta­
tistical data bank describing various ships. This data 
bank, it is understood, will use aspects of the descriptive 
coding system devised and described in the thesis, and be 
similar in content to that generated in Glasgow. B.S.R.A. 
were also supplied with a complete set of punched cards 
describing the components forming the hull of the SD14 
which they have used for a pilot study. The library faci­
lities of the B.S.R.A, were made available to the author 
and found of great benefit during the literature search.
A. and P. Appledore are independent consultants who 
have connections with Austin and Pickersgill and Appledore 
Shipbuilders. They have interests in shipbuilding devel­
opments world—wide and with the redevelopments at Cammel 
Laird, Austin and Pickersgill, and Sunderland Shipbuilders 
in the United Kingdom. Workpiece statistics and assembly 
information describing the hulls of the SD14 and B26 have 
been supplied to them to aid design of facilities at 
Austin and Pickersgill. This has also been of use for 
overseas contracts (A.P.A. have licenced the construction 
of the SD14 in countries all over the world). A.P.A. 
intend to continue work on the compilation of a statistical 
data bank, probably describing a number of the ships in 
which they have an interest.
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APPENDIX B
Cost breakdown -Ailsa Shipbuilding time sharing 
computer system
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APPENDIX C
Example structural unit breakdown and sub-assembly 
listings. (Double bottom - 8 .D.1 4 cargo vessel).
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‘C  BLOCKS (Double Bottom Units)
Unît Main
Assembly
Sub-
Assembly
Comment or Description
C13P
C13S
C U P
eus
)
j Bilge units -  make complete
C l i p DB unit includes keel and centre 
girder
EOl
W02
WOl
W41
W44
W45
W46
Port motiix 
Centre girder 
12 ft girder 
4 off )
1 off ) r,
1 off )
2 off)
LOI
KOI
Tank top panel 
Unstiffened panel
LOS Bottom shell panel
c m DB unit without keel or centre 
flirder
E02
WOl
W41
W44
W45
W46
Starboard mat fix  
12 ft girder 
4 off )
1 off ) -,
1 off )
4 off )
L02
K02
Tank top panel 
Unstiffened panel
L04 Bottom shell panel
C12P DB unit includes keel 
and centre girder
E03
W03
W04
W41
W42
W47
Port matrix 
Centre girder 
12 ft girder
3 off )
2 off ) floors
4 off )
L05
K03
Tank top panel 
Unstiffened panel
L07 Bottom shell panel
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APPENDIX E
S.D.1A Section Bar Analysis 
(Prepared from existing material lists)
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Tîïicfeness
mm.
Width
mm.
Depth
mm.
Total
Lengthh
FIAT BAR
6.4 51 51 3690
6.4 76 76 10980
6,4 102 102 40250
6.4 127 127 3O85O
7.5 76 76 3430
8.0 5t 51 182S®
8.0 102 I946O
S.O 152 152 20700
8 .0 505 305 18900
9.0 229 229 14020
9.5 58 38 19450
9.5 64 64 129930
% 5 76 76 325140
9.5 89 89 6710
9.5 102 102 .10980
9.5 152 152 36100
9.5 203 203 88450
9.5 229 229 8260
9.5 254 254 9240
9.5 305 305 4570
10.0 76 76 57900
10.0 89 89 32940
10.0 102 102 36270
10,0 127 127 29420
10.0 152 152 133640
10.0 229 229 52280
10.0 254 254 14650
10.2 152 152 113880
10.2 229 229 10980
11.5 64 64 44160
11.5 152 152 279480
111.5 229 229 4930
1t. 5 305 305 5440
12.5 178 178 3735
12.5 203 203 5670
12.5 280 280 3250,
Thickness.
mm.
Width
mm.
Depth
mm.
Total
Length
12.7 51 51 23160
12.7 76 76 8280
{2 .7 89 89 I8O9O
12.7 102 1102 97508
12.7 114 114 56260
12.7 115 115 9760
12.7 127 127 84260
112.7 152 152 20855O
12,7 1178 178 25440
12.7 229 229 8410
12.7 240 240 6090
12.7 254 254 4730
12.7 305 305 1.74890
13.0 127 127 6100
13.0 152 152 12800
13.0 254 254 8790
13.0 305 305 25920
15.8 51 51 38340
15.8 152 152 18300
15.9 51 51 48000
15.9 114 114 10980
15.9 152 152 9070
15.9 203 203 27440
15.9 305 305 25840
19.0 76 76 12200
19.0 102 102 12200
19.0 178 178 48800
20.0" I152 152 10460
24.0 229 229 36100
25.0 89 89 13720
25.0 229 229 29O8O
25.0 305 305 10720
30.5 305 305 15630
31.9 305 305 12200
38.0 51 51 I95O8
51.0 305 305 I8O4O
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Thioknes.
mm.
Width
mm.
Depth
mm.
Total
Length
ANG-LE BAR
6.3 64 64 15250
6.3 76 64 60060
7.5 76 64 74930
7.5 76 76 112860
7.5 102 .76 258770
7.5 127 76 60150
8.0 76 64 15540
8.0 102 76 7010
8.0 127 76 180420
8.0 176 176 5870
8.5 76 76 83400
8.5 127 76 109940
8.5 152 76 6450
8.9 205 203 11040
9 .0 76 38 119920
9.0 76 76 1 6520
9.0 102 76 377100
9.0 102 89 61 20
9.0 102 102 4370
9.0 127 76 293250
9.0 152 76 450440
9.0 152 89 158850
9.0 152 152 4120
9.0 178 89 267230
9.1 102 76 80000
9.5 76 51 36860
9.5 76 76 6100
9.5 178 89 192570
I’O.O 102 76 23540
to.o 102 102 21970
10.0 152 76 6480
10.0 178 89 128490
10.0 203 102 901710
10.1 178 89 11340
10.2 152 152 37020
10.5 178 89 145574
1Î0.5 229 229 5050
Thickness
mm.
Width
mm.
Depth
mm.
.Total j 
Length
11.0 127 76 9140
11 .0 152 89 691130
11 .0 152 102 12500
11.0 178 89 87040
11.0 203 102 396560
11.2 152 89 7620
11.5 203 102 818160
11.7 203 102* 62020
12.0 178 89 65013
12.2 178 102 21 640
12.5 102 102 4724
12.5 203 102 4800
12.7 152 76 23320
12.7 152 102 9220
13.0 76 76 50250
13.0 102 76 33130
13.0 102 89 151230
13.0 102 102 29420
13.0 127 76 107410
13.0 127 127 41400
13.0 152 76 7020
13.0 152 89 12820
13.0 152 102 795620
13.0 152 152 4950
13.0 203 102 8080
13.0 254 102 5360
13.0 343 343 12900
13.5 102 102 9240
13.5 203 102 6430
13.5 203 203 21470
14.5 254 102 8O5O
15.0 203 203 24860
16.0 152 102 10260
25.4 102 102 4340
57.0 254 785 10260
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Thickness
mm.
Width
mm.
Depth
mm.
Total
Length
Thickness
mm.
Width
mm.
Depth
mm.
Total
Length
BULB FLAT BAR ,R.S.J. SECTION.
7.5 127 127 10A7510 102 64 7160
7.5 152 152 29970 152 127 14410
7.6 102 102 22860 305 165 19500
8.9 203 203 468600 CHANNEL
10,0 152 152 81600 152 76 39870
10.0 254 254 10980 203 76 13530
10.2 203 203 26780 381 102 19110
10.2 254 254 843242 U.B. SECTION
10.5 152 152 15240 610 229 40260
10.5 229 229 9220 610 305 145222
10.7 203 203 62560 OTHER SECTIONS
itlwO ,152 ‘ 152 13100 9.1 254 89 29120
11.0 203 203 152970 9.5 102 76 38710
It.7 305 305 258520 254 89 6860
12.7 254 254 46560 10.2 254 89 41470
12.7 305 305 48600 11.2 203 76 202800
12.7 343 343 1653200
13.0 254 254 167470
13.0 343 343 3050
13.2 305 305 163360
13.5 305 305 3050
13.5 381 381 611540
13.7 343: ■ 343 69480
13.7 381 381 53360
14.7 381 381 81200
14.7 432 432 122690
1 5 .2 432 432 11760
17.0 432 432 45920
17.5 432 432 12200
19.7 432 432 14420
19.8 432 432 10740
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APPENDIX P
Proposed plating arrangement definition method 
Example — cargo vessel double bottom
283
Plating Arrangement Definition Example 
Cargo Ship Double Bottom
Assumptions
Outline
/8n
Overlap of shell above tank top to be determined 
during double bottom plating arrangement definition
Duct keel shell plate to overlap duct keel apexes 
and to be of thicker material
No seam to occur in vay of duct keel in tank top 
(Note: From assumptions 2 and 3 an odd number of)
Plates are required for shell and tank top
4 Double bottom may be transversely divided into two
or three sections, but duct keel must be made com­
plete for outfitting purposes
5 Standard size plate widths are 3M, 2.75M, 2.5M, and
2,25M. Half width plates may be used if absolutely
necessary
Method
Complete panel widths (apex to apex) are given by:- 
Tank. top = 18M (exactly)
Shell panel greater than 16+2+3,142 (=21,142M)
From these, and using standard plate widths, alternative 
plating arrangements are automatically developed and 
presented. Examples are shown in Table 1
For the tank top options 1 and 4 do not result in 
an odd number of plates, and B does not present the 
odd width plate required to cover the duct weel. 
Therefore option C will be utilised and checked.
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For the shell options 2,3, and 4 do not result in an 
odd number of plates. Option 7 results in the greatest 
number of welded seams. Option 1 incurs material price 
extras. The choice between 5 and 6 is borderline but 
the width of the duct keel is reduced by using option 5 
thus reducing ship weight. Therefore option 5 will be 
utilised and checked.
The plating arrangements chosen are displayed on the 
outline below
t
If the plating arrangement is not found to be suitable 
an alternative may be substituted^
The transverse section is then divided into units, 
several alternatives are possible of which three are 
shown below
I
L
1 i 1 _ » 1
1 1
, J
• — " 1 1 » *
t J
If no suitable unit breakdown is found alternative 
plating arrangements may be tried.
One of these is selected and the weight per unit 
found (with preoutfitting) The maximum length of unit 
within the shipyard constraints is then found and the 
next standard plate length below this then selected as 
the unit length. If unit option 1 (above) is chosen 
then the resulting longitudinal division might be as 
shown in Figure 1
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APPENDIX G
Standard statistical tables 
(S.D.1 4 and B.26)
288
CONTENTS
1• A general description of the coding system 
and data-bank
1.1 Introduction
1.2 The development of the coding system
1.3 Coding procedure
1.4 The contents of the data-bank
2. Component analysis
2.1 Introduction
2 .2  Methods of component analysis 10
2.3 The presentation of the statistical data 11
3# The component statistics of a 14.000 ton 
smd a 2 6 ,0 0 0 ton vessel
Table 1 : Numbers of components required of various 
types of section bar material
14.000 ton vessel
2 6 .0 0 0 ton vessel
Histogram of Table 1
Table 2: Numbers of components of various depths 
and thicknesses for flat bar material
14.000 ton vessel
2 6 .0 0 0 ton vessel
Histogram of Table 2
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Table 3= Numbers of components of various lengths and 
depths for flat bar material
14.000 ton vessel
2 6 .0 0 0 ton vessel
Histogram of Table 5
Table 4: Numbers of components of various lengths and
depths for bulb flat bar material
14.000 ton vessel
2 6 .0 0 0 ton vessel
Histogram of Table 4
Table 5: Numbers of components of various lengths and
depths for angle bar material
14.000 ton vessel
2 6 .0 0 0 ton vessel
Histogram of Table 5
Table 6: Numbers of components of various lengths and
depths for channel bar material
14.000 ton vessel
2 6 .0 0 0 ton vessel
Histogram of Table 6
Table 7 : Numbers of components having vaious "holes
and slots" from section material
14.000 ton vessel
2 6 .0 0 0 ton vessel
Table 8: Numbers of components having various forming
operations for section material
14.000 ton vessel
2 6 .0 0 0 ton vessel
Table 9* Numbers of components from plate having 
various orthogonal shapes
14.000 ton vessel
2 6 .0 0 0 ton vessel
Histogram of Table 9
Table 10: Numbers of components having various lengths 
and widths for flame planed or guillotined 
plate
14.000 ton vessel
2 6 .0 0 0 ton vessel
Histogram of Table 10
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Table 11: Numbers of components having various lengths 
and widths for flame planed and hand burned 
or profile cut plate
14.000 ton vessel
2 6 .0 0 0 ton vessel
Histogram of Table 11
Table 12; Numbers of components having various lengths 
and widths for profile cut plate
14.000 ton vessel
2 6 .0 0 0 ton vessel
Histogram of Table 12
Table 13: Numbers of plate components having various 
types of edge preparation
14.000 ton vessel
2 6 .0 0 0 ton vessel ^
Table 14: Numbers of plate components of various lengths
and widths having flanging operations
14.000 ton vessel
2 6 .0 0 0 ton vessel
Histogram of Table 14
Table 15% Numbers of plate components of various lengths 
and widths having swedging operations
14.000 ton vessel
2 6 .0 0 0 ton vessel
Histogram of Table 15
Table 16: Numbers of plate components of various lengths
and widths having roll bending operations
14.000 ton vessel
2 6 .0 0 0 ton vessel
Histogram of Table I6
Descriptive code size ranges for section and plate 
components
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1. A Kcnoral description of the codinp^'system, data-bank, 
and ship component statistics
1,1 Introduction
The shipbuilding industry is at present passing through a phase of 
substantial change and modernisation, in both its production processes 
and in organisation. The industry is historically a one off or small 
batch manufacturer which involves the production and assembly of a wide 
variety of items, many of which at the same time have a number of 
features in common. Although many now produce ‘standard* series ships, 
the building cycle time involved is relatively long (six months to one 
year) and, as the areas of a ship differ significantly, shipbuilding is 
still a small batch manufacturing situation.
Shipbuilding uses the materials and tools of the heavy engineering 
Industry but is controlled using a building plan similar to that used 
in civil engineering. It is not surprising therefore that some of the 
techniques developed in these industries have been found to be of value 
in the general design and management of shipyards. Group technology is 
a technique which has evolved largely in the engineering industry. The 
use of production oriented classification and coding systems, and the 
related analysis of component statistics, are aspects of this technique 
which can be used fruitfully in the shipbuilding industry. The ship 
hull classification and coding system and related component statistics 
described here, which have been devised at Glasgow University, allow a 
statistical analysis of ship steelwork components to be carried out, as 
an aid to manufacture and assembly.
Pollbvfing such statistical analyses a standard set of data tables 
have been devised and are detailed here which allows a comparative 
analysis to be made of different ship hulls. By using these sets of 
tables a comparative measure of the differences in work content required 
to produce different hulls may be arrived at. The differences in the 
shipbuilding facilities needed and the individual loading which may 
occur on these facilities to produce a vessel may also be quantitatively 
comoared.
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The data will be of use to prospective builders of ships which are 
of similar design and size to those already coded, both in the design 
of shipbuilding facilities to produce the ships and in the estimation of 
time and cost figures for tendering and planning purposes. In addition 
they will be of value to machine-tool andequipment manufacturers, as 
they give information about the needs of the shipbuilding industry both 
in terms of the size and production characteristics of components and 
assemblies, and of relative demand.
Standard statistical tables are presented here describing the 
components forming the hulls of two ships which have been coded and 
analysed. These are a 14*000 ton cargo vessel and a 26*000 ton bulk 
carrier.
The production of a ship-hull has changed considerably in recent 
years, from the days of total outdoor assembly and erection to the 
modern practice of large unit assembly under cover, with only the final 
assembly of the units taking place in the building dock (although this 
may also be covered). Ship-hulls are constructed from two basic raw 
materials; standard rolled steel sections, and steel plate. Each is 
prepared and transformed into components separately, ready for assembly. 
Hull construction follows three basic stages: -
(a) Steel preparation. Basic steel plates and sections are painted 
then cut, bent, flanged, edge-prepared, etc, into individual 
components.
(b) Préfabrication and unit assembly. The prepared components are 
assembled into sub-assemblies, or units, which vary in size 
depending upon the ship design and production facilities. In 
recent years the trend has been towards increasing the size of 
such units, and up to 800 tons in weight is not uncommon today.
The trend is due mainly to a desire for the maximum amount of 
work to be carried out under cover and with the availability of 
all of the facilities of a production shop. This reduces the 
amount of work needed on the berth where adverse weather conditions, 
and the difficulty of using capital equipment, inevitably interferes 
with production.
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(c) Erection. The units are finally transported to the berth for
assembly, fairing and welding*
It appears that many of the te cliniques recently developed in the group 
technology field to deal specifically with the problems of small batch 
and high variety manufacture can be used to considerable advantage in 
the shipbuilding industry. Two important areas in which it is considered 
that a group technology approach is particularly relevant, are in the 
cutting, preparation and assembly of the steelwork, and in the use of 
a descriptive coding system for components and sub-assemblies as an 
aid to production organisation.
A coding and classification system for ship-hull components has 
now been devised^^^ to allow some of the advantages of group technology 
to be applied to shipbuilding. One of the advantages derived from this 
coding system is that an in-depth analysis can now be made of the steel­
work components which form the hull of a particular ship. This is useful 
to the shipyard which is producing that ship both to improve manufacturing 
decisions and to improve the design of production facilities, Componen^ ts 
can also be analysed with this code in detail by structure group and the 
results then used together with the building cycle programme to aid 
work loading, and smooth production flow at shopfloor level. Previous
(2 5 )
publications' have already described some statistical analyses of 
individual ships in a way which can be useful to the shipyards concerned,
A further advantage arising from the use of the coding system is 
that it enables a comparative analysis to be made of the steelwork 
components forming the hulls of different types of ship. This is of 
value in the pre-production planning stage and in the design stage of 
steelwork, production facilities in any shipyard which produces a 'mix* 
of ships or intends to produce a ship similar in type and size to one 
which has been analysed.
 ^ A standard set of tables have therefore been prepared and are 
presented here which describe the steelwork components of the two hulls 
which have have been coded. The tables have been designed as an
2 %
aid to the design of ship hull steelwork production facilities, and are 
therefore closely linked with production processes, such as the type of 
cutting or bending required, the size of the particular components 
involved, and the numbers required,
1,2 The development of the coding system
Considerable work has previously been carried out on the design
of classification systems for general engineering purposes, and the
basic construction of two systems were studied prior to the development
of a system for ship-hull components. The first was one for structural
steel components and assemblies developed jointly by the Aachen Technical
(A)
University and the Demag Organisation.' ' The method of approach to the 
problem of this system was found to be of value during the development 
of the ship-hull code.
The second system studied was a general shipyard classification 
system developed by the British Ship Research Association.This 
code was developed primarily as an aid to assembly, and its principal 
feature is that components which have similar numbers are used in the 
same part of the ship and have similar functions (shell-plates, webs, 
floors, etc.). While the importance of this approach is recognised, 
the system is not suitable for an in-depth study of the 'component 
statistics* of ships. A shape based coding system, similar to the 
Demag development but more applicable to shipbuilding was therefore 
developed.^
Initial studies were carried out in four shipyards to gather basic 
information about the processes used and the types of component produced. 
Data was collected both from manufacturing sheds and from drawings.
(As component drawings do not often exist, the. parameters of each 
component had to be interpreted from the assembly drawing). From this 
work a nine digit draft system was developed which was 'tested* on 
similar structure groups from three different vessels which were 
produced in three different shipyards. In addition, at this stage an 
independent analysis of the proposed coding system was carried out and 
a report^^) of anomalies produced. The draft system was then refined
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and developed into its present form, in which it has been comprehensively 
explained and documented.^^^ The classification and coding system is 
ten digits long, and is of the fixed digital significance type as is the 
Opitz (Aachen) machined component code. Indeed the format of the system 
follows that of Opitz closely. The first five digits describe the 
geometric shape of the component in such a way that will provide useful 
information to the industry. For example, a major segregation is made 
in the first digit between sections and plates, in order to follow 
manufacturing practice. The general allocation of digits is as follows; -
Digit 1 General Classification
The sub-division into sections and plates, and major
variations within these groups 
f '
Digit 2 Shape before forming
Defines the geometric profile of the cut component
Digit 5 Forming
Defines the forming to be carried out — bends, 
corrugations, flanges
Digit 4 Holes and Slots
Types required in'terms of machining or burning
Digit 5 Edge preparation
The variety and types required for welding
Digit 6 Welding detail
The type of welding used to join the component 
into the following sub-assembly
Digit 7 Material and finish
Defines raw material type and final finished 
condition
The final three digits are concerned with the dimensions of the component.
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Digit 8 Thickness
Defines component material thickness in mm.
Digit 9 Length
Defines component length in mm.
Digit 10 Width
Defines component width in nun.
1*5 Coding procedure
Ambiguities were found to exist in the draft form of the system 
which were open to the discretion of the individual coder. During the 
development and later use of the draft prior to publication of the final 
system attempts were made to remove as many of these ambiguities as 
possible. The system is now fully detailed and explained. However 
because all numbering systems are inevitably a compromise between the 
desire for brevity and at the same time maximum information storage, some 
ambiguities will always exist. An organisation using the system should 
therefore have a single internal authority to establish in-house defin­
itions for this small number of cases. It should keep records of these 
definitions and where an interchange of data with any other organisation 
takes place, should pass them on.
To obtain the full benefits of a data bank, coding should be carried 
out when drawings and parts lists are prepared by the ship drawing office 
or at an additional stage subsequent to detail design but prior to 
production* "V/hen carried out by the ship drawing office, a major 
advantage is that parts are coded as they are numbered, * thus saving the 
time needed for cross-reference at a later stage. If carried out at a 
subsequent stage then personnel more knowledgeable of shipyard production 
methods, such as production planners, may be employed* In both cases the 
coding personnel should have a sound understanding of shipyard drawings 
and parts lists, which themselves should be well documented and systematic. 
The coding operation itself is simple, and the learning curve involved is 
fairly short. As an example, the case of an engineering student with no 
previous experience of shipyard drawings can be quoted, where it was
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found to be two weeks. In this case the greatest difficulty found was 
in the referencing and location of components on drawings, thus endorsing 
the need for systematic part numbering. There is no doubt that, as has 
already been mentioned, the most effective answer is to carry out 
component coding at the same time that part-numbering is carried out in 
the ship drawing office.
The code is presented in a 'flick over* book form In which, after 
making the initial decision (plate or section) the respective page is 
opened for the subsequent decision to be made. This process is continued 
for the full ten digits resulting in a ten digit number which describes 
the component. Examples of components with their respective’code numbers 
are given in figures l(a) and l(b).
The time involved in coding varies with the area of the ship involved. 
For many structure group areas such as the double bottom, midship and 
side-shell, a large number of repeat components are found. In other areas 
such as the fore and aft ends, a wider variety of parts exist, thus 
increasing the coding work load. In general it was found that components 
could be coded at an average rate of twenty per hour by a person with 
experience of ship drawings. This included the collection of ancillary 
data (see Section 2.5) and results in a total time of about sixteen 
man weeks for compiling a data bank describing a vessel of 10,000 
components (say a 14,000 ton cargo vessel). The operation Is inevitably 
somewhat monotonous which increases the likelihood of errors, which is 
an additional argument in favour of combining the coding and part numbering 
operations at the detail aesign stage, as described earlier.
1*5 The contents of the data bank
In compiling the initial data bank, the following information was 
noted in each component file record: -
i) The shipyard component number 
ii) The presence of other identical parts
iii) The number of raw material pieces required (for raw material 
analysis)
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iv) The descriptive code number 
v) The number of components required 
vi) The component sizes as defined by the descriptive code number 
vii) The raw material sizes 
vili) A brief verbal description of the component
For later data bank compilations the components and raw material 
sizes (vi and vii) .were omitted and replaced with information describing 
the assembly of the components into the ship. This included the sequence 
of assembly into the ship (first sub-assembly numbers, second sub-assembly 
number, unit number, etc.) and the weld length involved at each of the 
assembly stages in millimeters. Thus later data banks contain full and 
comprehensive information on both the ship-hull components and the 
assembly procedures involved in manufacturing the completed ship's hull. 
However, for a statistical analysis of ship-hull components, only the 
descriptive code number is necessary.
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2, • Component Analysis
2,1 Introduction
Analyses have been completed on both 'macro' and 'micro* scales.
The first will be of interest mainly to the shipbuilding industry, the 
second to builders of specific ships, and both of general interest to 
the machine tool industry. The micro-scale analysis involves the 
description of individual structure groups or assemblies within a specific 
ship. The prospective builder of that or a similar type of ship can use 
this data to investigate the workload fluctuations of the various
manufacturing centres which take place during manufacture. In such an
%
exercise plotting component production over the building cycle of a ship, 
it was noted that the workload on the various machines or processes 
varied widely from week to week. If such ahonialies can be highlighted 
before construction starts then plans can be modified to ensure an 
optimum use of machinery and manpower.
The macro-scale analysis which is presented here involves the 
description of a complete ship's hull. This enables a comparison to be 
made of the work content of various ships for the measurement of shipyard 
efficiency and for the development of cost estimating and control systems. 
The most widely accepted shipyard measure of work content and efficiency 
is steel throughput. However ships vary widely in their complexity and 
therefore steel weight, even when an empirical complexity weighting 
factor is employed, is not always a good measure of work content. A data 
bank which records the number and complexity of parts required can be 
used’ to present a more accurate assessment of the workload on the steel 
preparation shops. It will also give a better indication of the assembly 
shop workload that is directly influenced by the number and complexity 
of the pieceparts forming the assemblies. Having obtained a better 
measure of workload, the efficiencies of individual shipyards may be 
compared and more accurate overall cost estimating systems developed.
The publication of a standard set of tabulated statistics describing 
the hulls of a variety of ships also allows a shipyard to compare a 
proposed ship with a vessel previously built in that yard. This can 
also enable a more accurate assessment to be made of the time and cost 
it* will take to build the proposed ship.
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2.2 Methods of component analysis
Four data analysis methods were used to investigate the component
statistics of the two vessels described here. They ranged from simple
punched card sorting to the use of specialised computer packages and
tailored programs. Card sorting was primarily used for micro-analysis
work. Component information was collected on data sheets and then
transferred to punched cards, which were initially grouped into their
respective structure groups and assembly units. Plates and sections
were completely segregated by sorting on the first digit of the code.
The part was then further defined, and then the size ranges (length
and width or depth) were tabulated for soecific shapes. These results
(2)were presented at a conference in Glasgow in September 1973#
The second approach to the problem made use of the Honeywell Store 
and Manipulate (S.A.M,) package. Punched cards were used to transfer 
data records to a computer file where it was readily manipulated from 
a remote terminal. This method was used mainly to supply information 
for a plant layout and material handling system under design as part 
of a redevelopment project at a collaborating shipyard. At a later 
stage the shipyard was supplied with a copy of the data file for their 
own use. This was transferred into computer storage on the 'Comshare* 
time sharing system to which they had access also through a remote 
terminal.
The third approach made use of a very powerful analysis package 
which is well known to social scientists, but is frequently unfamiliar 
to technologists. The 'Statistical Package for the Social Sciences 
(S.P.S.S,) is a computer program designed for detailed statistical 
survey analysis. It enables a wide range of statistical tecliniques 
to be used on data files,, and the results presented in a concise form 
which can usually be interpreted by even the layman. It enables various 
statistical indices to be computed and tables of numbers and percentages 
of components having specified characteristics to be printed. The major 
advantage of this method of analysis was that a 'weighting* factor 
could be used to coiuit the number of components required rather than 
the number of data records. Thus a weakness of the previous methods
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wedging and roll bending) again on a length/width size range matrix, 
. full list of tables is detailed in the contents of each data set.
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14,000 Ton Vessel
mffiERS OFF (FOR SHIP).
CODE 0 1 2 3 4 5 6 . 7 8 .9 TOTAL
0 139 0 10 0 ,0 1 0 0 0 0 150
1 0 0 0 0 0 0 0 0 0 0 0
2 0 0 3 1 130 3 11 0 0 0 148
3 0 0 1 0 43 4 11 0 0 0 59
4 0 0 » 0 0 48 44 37 0 ■ 0 0 129
5 0 0 4 0 38 23 64 0 ' 0 0 129
6 0 0 21 0 14 2 2 0 3 0 . 42
7 0 0 0 0 0 8 5 0 0 0 13
8 0 8 0 19 • 1 ) 2 2 3 2 ^ 37
9 0 0 O' 0 0 0 0 0 0 0 0
TOTAL 159 0 47 1 292 86 132 2 é 2 707
'ia OF TOTAL NOTÆBER OFF (FOR SHIP),
CODE . 0 1 2 3 4 5 6 7 8 9 TOTAL
0 1.56 0.00 0.11 0.00 0.00 0.01 0.00 0.00 . 0.00 0.00 1 .6 9
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0 .0 6
2 0.00- 0.00 0 .0 3 0.01 1 .4 6 0 .0 3 0.12 0.00 0.00 0.00 1.66
3 0.00 0.00 0.01 0.00 0.48 0 .0 4 0.12 0.00 0.00 0.00 0.66
4 0.00 0.00 0.00 0.00 0,54 0 .4 9 0 .4 2 0.00 0.00 0.00 1.45
5 0.00 0.00 0 .0 4 0.00 0.43 0.26 0 .7 2 0.00 0.00 0.00 1.45
6 0.00 0.00 0 .2 4 0.00 0 .1 6 0.02 0.02 0.00 0 .0 3 0.00 0.47
7 0.00 0.00 0.00 0.00 o.oq 0 .0 9 0 .0 6 0.00 0.00 0.00 0 .1 5
a 0.00 0.00 0 .0 9 0.00 0.21 0.01 0.02 0.02 0 .0 3 0.02 0 .4 2
9 0.00 0.00 0.00 0.00 0.00 0.00 6.00 0.00 0.00 0.00 0.00
TOTAL 1.56 0.00 0.53 0.01 3.28 0 .9 7 1.48 6.02 Ô .0 7 0.02 8 . W
TABLE 2:Depth (rows) v thickness (columns) for flat bar components
(00...,01...).
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26.000 Ton Vessel
injlfflERS OPP (FOR s h i p).
CODE 0 1 2 3 4 5 6 7 8 9 TOTAL
0 8 0 0 0 5 2 0 0 0 0 15
1 0 0 0 0 0 0 0 0 0 0 0
2 0 0 0 0 40 4 0 0 0 0 44
3 0 0 0 0 356 1983 0 0 0 0 2339
4 0 0 0 0 787 169 2 14 0 0 972
5 0 6 0 2 42 39 ■ 35 4 0 0 122
6 0 0 0 0 4 5 0 0 0 0 . 9
7 0 0 0 0 0 4 6 0 138 0 148
8 0 0 0 ’ 0 0, 0. 0 18 0 ^ 18
9 0 0 0 0 0 0 0 0 0 0 0
TOTAL 8 0 0 2 1234 2206 43 18 156 0 3667
'io OP TOTAL NUMBER OPP (FOR SHIP).
CODE 0 1 2 3 4 ' 5 6 7 8 9 TOTAL
0 0 .0 6 0.00 0.00 0.00 0 .0 4 0.02 0.00 0.00 0.00 0.00 0.00
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2 0.00 0.00 0.00 0.00 0 .5 1 0 .0 3 0.00 0.00 0.00 0.00 0.34
3 0.00 0.00 0.00 0.00 2.77 1 5 .4 0 0.00 0.00 0.00 0.00 18.17
4 0.00 0.00 0.00 0.00 6.11 . 1 .3 1 0.02 0.11 0.00 0.00 7.55
5 0.00 0.00 0.00 0.02 0.33 0 .3 0 0 .2 7 0 .0 3 0.00 0.00 0 .9 5
6 0.00 0.00 0.00 0.00 0 .0 3 6 .0 4 0.00 .0.00 0.00 0.00 0 .0 7
7 0.00 0.00 0.00 0.00 0.00 0 .0 3 0 .0 5 0.00 1 .0 7 0.00 1 .1 5
8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0 .1 4 0.00 0 .1 4
9 0.00 0.00 0.00 0.00 p.oo 0.00 0.00 0.00 0.00 0.00 0.00
TOTAL 0 .0 6 0.00 0.00 0.02 9.59 1 7 .1 4 0.33 0 .1 4 1.21 0.00 28.5
TABLE 2t Depth (rows) v thickness (columns) for flat bar components
(00...f 01.« «).
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14,000 Ton Vessel
- too
DEPTH
SCALE. 
Numbers of 
components.
THICKNESS
Histogram of numbers of components v depth and thickness 
of flat bar components (table 2).
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26,000 Ton Vessel
DEPTH
U  * 0 o o
_ ISO
SOO
_  tso
L_ o
THICKNESS
SCALE
Numbers of 
components
Histogram of numbers of components v depth and thickness 
of flat bar components (table 2),
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14,000 Ton Vessel
miBERS OFF (FOR SHIP).
CODE 0 1 2 5 4 5 6 7 8 9 TOTAL
0 140 0 44 3 16 4 8 0 0 0 215
1 0 0 65 34 95 66 25 12 24 ■ 0 321
2 • 0 0 34 11 12 20 2 0 3 0 82
3 0 0 1 5 6 11 3 0 3 0 .29
4 10 0 ' 2 5 0 6 2. 0 2 0 27
5 0 0 0 0 0 5 0 0 ' 0 0 5
6 0 0 0 0 0 8 ■ 2 1 1 0 12
7 0 0 2 0 0 9 0 0 2 0 13
8 0 0 0 0 • 0 0 Ï 0 0 2 0 , 2
9 0 0 0 ' 1 0 0 0 0 0 0 1
TOTAL 150 0 148 59 129 129 42 13 37 0 707
io OF TOTAL NUMBER OFF (FOR SHIP).
CODE 0 1 2 3 4 5 6 7 8 9 TOTAL
0 1.57 0.00 0.49 0.03 0.18 0.04 0.09 0.00 0.00 0.00 2.42
1 0.00 0.00 0.73 0.38 1.07 0.74 0.28 0.13 0.27 0.00 3.61
2 0.00 0.00 0.38 0.12 0.13 0.22 0.02 0.00 0.03 0.00 0.92
3 0.00 0.00 0.01 0 .0 6 0 .0 7 0.12 0.03 ,0.00 0.03 Ô.OO 0.33
4 0.11 0.00 0.02 0.06 0.00 0.07 0.02 0.00 0.02 0.00 0.30
5 0.00 0.00 0.00 0.00 0.00 0.06 0.00 0.00 0.00 0.00 0.06
6 0.00 0.00 0.00 0.00 0.00 0.09 0.02 0.01 0.01 0.00 0.13
7 0.00 0.00 0.02 0.00 0.00 0.10 0.00 0.00 0.02 0.00 0.15
8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.02
9 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.01
TOTAL 1.69 0.00 1.66 0.66 1.45 1.45 0.47 0.15 0.42 0,00 8.00
TABLE 3%Length (rows) v depth (columna) for flat bar components
. (00...,01...).
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26,000 Ton Vessel
IHBIBERS OPP (for SHIP).
CODE 0 1 2 3 4 5 6 7 8 .9 rOTAL
0 6 0 8 296 461 54 1 0 0 0 826
1 8 0 28 900 218 5 0 ' 7 0 0 0 1211
2 1 0 0 1089 57 9 1 12 0 0 1169
3 0 0 0 35 171 1 0 0 0 0 207
4 0 0 0 14 45 6. 0 10 •0 0 75
5 0 Ô 8 2 7 0 0 0 0 0 17
6 0 0 0 3 11 2 0 0 0 0 . 16
7 0 0 0 0 2 0 0 0 0 0 2
8 -O' 0 0 0 ' 0 0 ^ 0 0 0 0 , 0
9 0 0 0 0 0 0 0 126 18 0 144
TOTAL 15 0 44 2339 972 122 9 148 18 0 3227
'io OF TOTAL TOffiER OFF (FOR SHIP).
CODE 0 1 2 3 4 5 . 6 7 8 9 TOTAL
0 0.05 0.00 0 .0 6 2 .3 0 3.58 0 .4 2 0.01 0.00 0.00 0.00 6 .4 2
1 0 .0 6 0.00 0.22 6.99 1 .6 9 0.39 0 .0 5 0.00 0.00 0.00 9 .4 1
2 0.01 0.00 0.00 8 .4 6 0 .4 4 0 .0 7 0.01 •0 .0 9 0.00 0.00 9.08
3 0.00 0.00 0.00 0 .2 7 1.33 0.01 0.00 0.00 0.00 0.00 1.61
4 0.00 0.00 0.00 Ô.11 0 .3 5 0 .0 5 0.00 0.08 0.00 0.00 0.58
5 0.00 0.00 0.06 0.02 0 .0 5 0.00 0.00 0.00 0.00 0.00 0 .1 3
6 0.00 0.00 0.00 0.02 0 .6 9 0.02 0.00 0.00 0.00 0.00 0.12
7 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.02
8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
9 0.0Ô 0.00 0.00 0.00 0.00 0.00 0.00 0.98 0 .1 4 0.00 1.12
TOTAL 0.12 0.00 0.34 18.17 7.55 0.95 0 .0 7 1 .1 5 0 .1 4 0.00 28.2
TABLE 5* Length (rows) v depth (columns) for flat bar components (OO.• •,01« «
314
14,000 Ton Vessel
DEPTH
SCALE. 
Numbers of 
components.
LENGTH
Histogram of numbers of components v length and depth 
of flat bar components (table 3).
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26,000 Ton Vessel
_  lO O O
k ISO
DEPTH
500 SCALE.
Numbers of
2.50 components
LENGTH
Histogram of numbers of components v length and depth 
of flat bar components (table )).
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14,000 Ton Vessel
îHJLffiERS OFF (FOR SHIP),
CODE 0 1 2 3 4 5 6 7 8 . 9 TOTAL
0 0 0 0 0 0 0 2 210 0 0 .212
1 0 0 0 0 0 0 12 2 2 0 16
2 0 0 0 0 0 0 16 26 8 8 50
3 0 0 0 0 0 8 66 37 63 0 • 174
4 0 0 ‘ 0 16 0 2 197. 36 ' 28 0 281
5 0 0 0 0 . 0 0 26 53 • 53 2 134
6 0 0 0 0 0 0 6 57 26 13 82
7 0 0 0 0 0 0 4 17 2 5 28
8 ' 2 0 0 0 0 0^ 0 0 169 2 173
9 0 0 0 • 0 0 0 5 0 81 0 86
TOTAL 2 0 0 18 0 10 334 4I8 432 22 1256
96 OF TOTAL NUMBER OFF (FOR SHIP),
CODE 0 1 2 3 ■ 4 5 6 7 8 9 TOTAL
0 0.00 0.00 0.00 0.00 0.00 0.00 0.02 2 .5 6 0.00 0.00 2.38
1 0.00 0.00 0.00 0.00 0.00 0.00 0 .1 3 0.02 0.02 0.00 0.18
2 0,00 0.00 0.00 0.00 0.00 0.00 0.18 0 .2 9 0 .0 9 0.00 0 .5 6
3 0.00 0.00 0.00 0.00 0.00 0 .0 9 0.74 0 .4 2 0 .7 1 0.00 1 .9 6
4 0.00 0.00 0.00 0.02 0..00 0.02 2.22 0 .4 0 0 .3 1 0.00 3 .1 6
5 0.00 0.00 0.00 0.00 0.00 0,00 0 .2 9 0 .6 0 0 .6 0 0.02 1 .5 1
6 ' 0.00 0.00 0.00 0.06 0.00 0.00 0 .0 7 0 .4 2 0 .2 9 0 .1 5 0 .9 2
7 0.00 0.00 0.00 0.00 0.00 0.00 0 .0 4 0 .1 9 0.02 0 .0 6 0 .3 1
8 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1 .9 0 0.02 1.95
9 o.po 0.00 0.00 0.00 0.00 0.00 0 .0 6 0.00 0 .9 1 0.00 0.97
TOTAL 0.02 0.00 0.00 0.20 0.00 0.11 3 .7 6 4 .7 0 4 .8 6 0 .2 5 13.9
TABLE 4*Length (rows) v depth (columns) for bulb flat bar components
(0 2,,,*0 ),,*),
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26,000 Ton Vessel
irOMBERS OFF (FOR S H IP ),
CODE 0 1 2 3 4 5 6 7 8 TOTAL
0 0 0 0 8 2 0 16 0 0 0 26
1 0 0 0 0 12 1 41 11 6 0 71
2 0 0 3 0 20 3 3 47 8 7 0 98
3 0 0 0 0 8 27 60 41 13 0 149
4 0 0 0 0 0 29 173 63 25 0 290
5 0 0 0 0 0 0 67 57 16 2 142
6 0 0 0 0 0 0 40 47 25 4 116
7 0 0 0 0 0 0 22 28 3 0 55
8 -o- 0 0 0 0 0 Ï 8 ‘16 262 60 346
9 0 0 0 0 0 2 14 115 76 8 215
TOTAL 0 0 3 ' 8 42 72 488 386 433 74 1506
Ya OF TOTAL NUMBER OFF ' (FOR SHIP).
CODE 0 1 2 3 4 5 6 7 8 9 TOTAL
0 0,00 0,00 0.00 0.06 0.02 o.op 0.12 0.00 0.00 0.00 0.20
1 0.00 0.00 0.00 0.00 0.09 0.01 0.32 0.09 0.05 0.00 0.55
2 0.00 0.00 0.02 0.00 0 .1 6 0.10 0.37 0 .0 6 0.05 0.00 0.76
3 0.00 0.00 0.00 0.00 0.06 0.21 0.47 0 .3 2 0.10 0.00 1.16
4 0.00 0.00 0.00 0.00 o.po 0.23 1.34 0.49 0.19 0.00 2.25
5 0.00 0.00 0.00 0.00 0.00 0.00 0 .5 2 0.44 0.12 0.02 1.10
6 0.00 0.00 0.00 0.00 0.00 0.00 0.31 0.37 0.19 0.03 0.90
7 0.00 0.00 0.00 0.00 0.00 0.00 0.17 0.22 0.02 0.00 0.41
8 0.00 0.00 0.00 0.00 0.00 0.00 0 .0 6 0.12 2.04 0.47 2.69
9* 0.00 0.00 0.00 0.00 0.00 0.02 O.ll 0.89 0.59 0 .0 6 1.67
TOTAL 0.00 0.00 0.02 0.06 0.33 0.56 3.79 3.00 3.36 0.57 11.7
TABLE 4* Length (rows) v depth (columns) for bulb flat bar components
(0 2,,#p0 3 .,,),
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14,000 Ton Vessel
DEPTH
ran KM:
m m
3 ^ >
L_ l O O
5 ,^ SCALE.
Numbers of 
components,
LENGTH
Histogram of numbers of components v length «riH depth 
of bulb flat bar components (table 4)
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26,000 Ton Vessel
L_ O
DEPTH
fOO
75
SCALE. 
Numbers of 
>A5 components.
LENGTH
Histogram of numbers of components v length and depth 
of bulb flat bar components (table 4)
320
14,000 Ton Vessel
Nmroms o f f (for s h i p).
CODE 0 1 2 3 4 5 6 7 8 9 TOTAL
0 0 0 0 0 18 57 0 0 0 0 . 55
1 0 0 1 27 311 64 62 0 0 0 465
2 0 0 5 11 70 98 1 0 0 0 185
3 0 0 17 20 28 128 7 0 0 0 200
4 0 ê 0 0 9
18 62 23. 0 ' 0 0 112
5 0 0 0 3 0 29 0 1 • 0 0 33
6 0 0 0 19 46 15 16 0 1 0 . 97
7 0 0 2 0 22 86 14 0 0 0 124
8 0 0 0 0 '4 43 . 2 0 0 0 49
9 0 0 0 . 0 8 301 1 0 0 0 310
TOTAL 0 0 25 89 525 863 126 1 1 0 1630
'io OF TOTAL mJMBER OFF (FOR SHIP) •
CODE 0 1 2 3 4 5 6 7 8 9 TOTAL
0 0.00 0.00 0.00 0.00 0.20 0.42 0.00 0.00 0.00 0.00 0.62
1 0.00 0.00 0.01 0.50 5.50 0.72 0.70 0.00 0.00 0.00 5.23
2 0.00 0.00 0.06 0.12 0.79 1.10 0.01 0.00 0.00 0.00 2.08
3 0.00 0.00 0.19 0.22 0.31 1.44 0.08 0.00 0.00 0.00 2.25
4 0.00 0,00 0.00 0.10 0.20 0.70 0.26 0.00 0.00 0.00 1.26
5 0.00 0.00 0.00 0.0) 0.00 0.33 0.00 0.01 0.00 0.00 0.37
6 0.00 0.00 0.00 0.21 0.52 0.17 0.18 0.00 0.01 0.00 1.09
7 0.00 0.00 0.02 0.00 0.25 0.97 0.16 0.00 0.00 0.00 1.39
8 0.00 0.00 0.00 0.00 0.04 0.48 0.62 0.00 0.0Ô 0.00 0.55
9 0.00 0.00 0.00 0.00 0.09 3.38 0.01 0.00 0.00 0.00 3.49
TOTAL 0.00 0.00 0.28 1.00 5.90 9.70 1.42 0.01 0.01 0.00 18.3
TABLE 5* Length (rowq) v depth (columna) for angle bar components
.(4 0**,,0 5 ,,,),
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26.000 Ton Vessel
îimffiERS OFF (FOR SHIP).
CODE 0 1 2 3 4 5 6 7 8 9 TOTAL
0 4 0 0 2 28 0 0 0 0 0 34
1 0 0 0 148 27 0 0 0 0 0 175
2 0 0 0 282 27 0 0 0 0 0 309
3 0 0 0 90 58 0 0 0 0 0 148
4 0 0 0 0 2 0 0 0 •0 0 2
5 0 6 0 3 . 2 0 ■ 0 0 0 0 5
6 0 0 0 5 8 0 0 0 0 0 13
7 0 0 0 0 0 0 0 0 0 0 0
8 0 0 . 0 0 (ÿ 0 * 0 0 0 0
9 0 0 0 2 0 0 0 0 0 0 2
TOTAL 4 0 0 532 152 0 0 0 0 0 688
'io OF TOTAL NUllBER OFF (FOR SHIP).
CODE 0 1 2 3 4 5 6 7 8 9 TOTAL
0 0 .0 3 0.00 0.00 0.02 0.22 0.00 0.00 0.00 0.00 0.00 0.26
1 0.00 0.00 ■0.00 1 .1 5 0.21 0.00 0.00 0.00 0.00 0.00 1 .3 6
2 0.00 0.00 0.00 2 .1 9 0.21 0.00 0.00 0.00 0.00 0.00 2 .4 0
3 0.00 0.00 0.00 0 .7 0 0.45 0.00 0.00 0.00 0.00 0.00 1 .1 5
4 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.02
5 0.00 0.00 0.00 0.02 0.02 0.00 0.00 0.00 0.00 0.00 0 .0 4
6 0.00 0.00 0 .0b 0 .0 4 0 .0 6 0.00 0.00 . 0.00 0.00 0.00 0.10
7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
9 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.02
TOTAL 0 .0 3 0.00 0.00 4 .1 3 1.18 0.00 0.00 0.00 0.00 0.00 5.3
TABLE 5t Length (rows) v depth (columns) for angle bar components
(0 4 . . .> 0 5  #.#).
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14,000 Ton Vessel
DEPTH
i
L too
50 SCALE.
Numbers of 
£5 components,
L_0
LENGTH
Histogram of numbers of components v length and depth 
of angle bar components (table 5).
323
26,000 Ton Vessel
lOO
DEPTH
1
.tr
LENGTH
SCALE. 
Numbers of 
components.
Histogram of numbers of components v length and depth 
of angle bar components (table 5).
324
14,000 Ton Vessel
mtBERS OFF (FOR SHIP).
CODE 0 1 2 5 4 5 6 7 8 .9 TOTAL
0 0 0 0 0 0 0 0 . 0 0 0 • 0
1 0 0 0 0 2 0 223 0 0 0 225
2 0 0 0 ' 0 0 0 1 0 0 0 1
5 0 0 0 0 0 0 0 3 0 0 3
4 0 0 i 0 0 0 1 0. 6 0 0 7
5 0 0 0 0 0 0 0 2 4 0 6
6 0 0 0 0 0 0 0 3 0 0 3
7 0 0 0 0 0 0 0 2 0 0 2
8 '() 0 0 0 0 0 0 1 0 0 1
9 0 0 0 • 0 0 0 0 0 1 0 1
TOTAL 0 0 0 0 2 1 224 17 5 0 249
'io OP TOTAL NUMBER OFF (FOR SHIP).
CODE 0 1 2 3 4 5 6 7 8 9 TOTAL
0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1 0.00 p. 00 0.00 0.00 0.02 0.00 2.51 0.00 0.00 0.00 2.53
2 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.01
3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0 .0 3 0.00 0.00 0 .0 3
4 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0 .0 7 0.00 0.00 0.08
5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0 .0 4 0.00 0 .0 7
6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0 .0 3 0.00 0.00 0 .0 3
7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.02
8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.01
9 o.op 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01
TOTAL 0.00 0.00 0.00 0.00 0.02 0.01 2.52 0.19 0 .0 6 0.00 2.8
TABLE Si Length (rows) v depth (columns) for channel components
• (O6 ...;0 7.,.).
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26,000 Ton Vessel
miBERS OFF (f o r SHIP).
CODE 0 1 2 3 4 5 6 7 8 9 TOTAL
0 0 0 0 0 0 0 0 0 0 0 . 0
1 0 0 0 . 0 0 0 0 0 0 0 0
2 0 0 0 0 d 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 2 0 2
4 0 0 0 0 0 0 0 0 2 0 2
5 0 6 0 0 0 0 0 0 5 0 5
6 0 0 0 0 0 0 d 0 5 0 . 5
7 0 0 0 0 0 0 0 0 3 0 3
8 0 0 0 0 0 0 ' 0 3 0 3
9 0 0 0 0 0 0 0 0 3 0 3
TOTAL 0 0 0 0 0 0 0 0 23 0 23
'io OF TOTAL NUMBER OFF (FOR SHIP).
CODE 0 1 2 3 4 5 6 7 8 9 TOTAL
0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2 0.00 0.00 0.00 0.00 0.00 0.00 o.od 0.00 0.00 0.00 0.00
3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.02
4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.02
5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.04
6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 6.00 0.04
7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.02
8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.02
9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.02
TOTAL 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.18 0.00 0.2
TABLE 6 1 Length (rows) v depth (columns) for channel components
(o6 .,.p0 7.,.),
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14,000 Ton Vessel
L_ 100
DEPTH
0^ SCALE*
Numbers of 
components.
LENGTH
Histogram of numbers of components v length and depth 
of channel section components (table 6),
327
26,000 Ton Vessel
DEPTH
L lOO 
75 
So 
25
LO
LENGTH
SCALE. 
Numbers of 
components.
Histogram of numbers of components v length and depth 
of channel section components (table 6),
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14,000 Ton Vessel
miBERS OFF (FOR SHIP),
CODE 0 1 2 3 4 5 6 7 8 .9 TOTAL
0 502 0 1 0 0 0 0 0 0 0 503
1 223 470 198 0 0 0 0 0 0 0 891
2 221 462 159 130 16 0 0 0 0 0 988
3 0 19 24 61 28 0 0 0 0 0 132
4 0 11 '15 24 68 13 11. 1 1 0 144
5 5 14 9 29 18 12 66 23 6 0 182
6 5 38 4 42 6 18 46 25 27 0 211
7 4 6 3 22 17 11 18 50 36 0 167
8 O' 5 9 15 3 5 ’ 2 25 20 2 86
9 2 5 0 6 7 10 4 55 125 14 208
TOTAL 962 1050 422 329 163 69 147 159 215 16 3512
io OP TOTAL NmtBER OFF (FOR SHIP)
CODE 0 1 2 3 4 5 6 7 8 9 TOTAL
0 5 .6 4 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0,00 5.66
1 2 .5 1 5 .2 9 2 .2 3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 10.02
2 2,49 5.20 1.79 1 .4 6 0.18 0.00 0.00 0.00 0.00 0.00 11,11
3 0.00 0.21 0 .2 7 0 .6 9 0 .3 1 0.00 0.00 0.00 0.00 0,00 1,48
4 0.00 0.12 0 .1 7 0 .2 7 0 .7 6 0 .1 5 0.12 0.01 0.01 0.00 1,62
5 0 .0 6 0.16 0.10 0.33 0.20 0 .1 3 0.74 0 .2 6 0 .0 7 0,00 2 ,0 5
6 0 ,0 6 0,43 0 .0 4 0.47 0 .0 7 0.20 0 .5 2 0.28 0 ,3 0 0.00 2.37
7 0 .0 4 0 .0 7 0 .0 5 0 .2 5 0 .1 9 0.12 0.20 0 .5 6 0 .4 0 0,00 1.88
8 0.00 0 .0 6 0.10 0 .1 7 0 .0 3 0.06 0.02 0.28 0,22 0,02 0.97
9 0.02 0 .0 6 0.00 0 .0 7 0,08 0.11 0 .0 4 0.39 1 .4 1 0,16 2,34
TOTAL 10.82 11.58 4.75 3 .7 0 1.83 0.78 1 .6 5 1.79 2 .4 2 0.18 39.5
TABLE 101 Length (rows) v width (columns) for flame planed or guillotined
plate components,1,6. orthogonal with no holes and slots (4,..0..), 
or orthogonal with "nibbles" only (4..1..),or orthogonal and 
drilled ( 4 . • »4..8.,
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26,000 Ton Vessel
îîmiBERS OFF (FOR SHIP),
CODE 0 1 2 3 4 5 6 7 8 . 9 TOTAL
0 500. 5 0 0 0 0 0 0 0 0 513
1 205 361 124 0 0 0 0 0 0 0 690
2 17 106 187 107 0 0 0 0 0 0 417
5 2 17 48 453 22 5 4 0 0 0 551
4 5 9 30 104 168 32 6 6 0 0 360
5 5 4 19 96 . 9 11 17 10 5 1 175
6 0 1 9 26 8 21 12 43 29 0 149
7 2 0 4 4 6 22 26 29 56 48 197
8 2 0 2 0 6^ 1 ' 4 4 0 19
9 0 0 0 23 6 64 24 8 167 0 292
TOTAL 742 505 421 815 219 161 90 100 261 49 3325
'io OF TOTAL NOÎÆBER OFF (iFOR SHIP).
CODE 0 1 2 3 4 5 6 7 8 9 TOTAL
0 3 .9 5 0 .0 4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.99
1 1.59 2.80 0 .9 6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5 .3 6
2 0 .1 3 0.82 1.45 0.83 0.00 0.00 0.0Ô 0.00 0.00 0.00 3 .2 4
3 0.02 0 .1 3 0.37 3 .5 2 0 .1 7 0 .0 4 0 .0 3 0.00 0.00 0.00 4.28
4 0 .0 4 0 .0 7 0 .2 3 0.81 1 .3 1 0 .2 5 0 .0 5 0 .0 5 0.00 0.00 2.00
5 0.02 0 .0 3 0 .1 5 0.75 0 .0 7 0 .0 9 0 .1 3 0.08 0 .0 4 0.01 1 .3 6
6 0.00 0.01 0 .0 7 0.20 0 .0 6 0.16 0 .0 9 0.33 0 .2 3 0.00 1.16
7 0.02 0.00 0 .0 5 0 .0 3 0 .0 5 0 .1 7 0.20 0 .2 3 0 .4 4 0.37 1.53
8 0.00 0.02 0.00 0.02 0.00 0 .0 5 0.01 0 .0 3 0 .0 3 0.00 0 .1 5
9* 0.00 0.00 0.00 0.18 0 .0 5 0 .5 0 0 .1 9 0 .0 6 1 .3 0 0.00 2 .2 7
TOTAL 5 .7 6 3 .9 2 3 .2 7 6.33 1 .7 0 1 .2 5 0 .7 0 0.78 2 .0 3 0.38 26,1
TABLE 10: Length (rows) v width (columns) for flame planed or guillotined plate 
components,i.e.orthogonal with no holes and slots (4..0..),or 
orthogonal with "nibbles"only (4..1,.),or orthogonal and drilled
(4.,7..,4..8..).
" —
14,000 Ton Vessel
3 0 0
2.00
loo
LENGTHWIDTH
SCALE. 
Numbers of 
components,
Histogram of numbers of components v length and width for flame 
piemed or guillotined plate components (table lu).
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26,000 Ton Vessel
WIDTH
l4oo
500 
2L00 
-loo 
»— o
LENGTH
SCALE. 
Numbers of 
components,
Histogram of numbers of components v length and width for flame 
planed or guillotined plate components (table 10)•
338
14,000 Ton Vessel
mtBERS OFF (FOR SHIP).
CODE 0 1 2 3 4 5 6 7 8 9 TOTAL
0 0 0 0 0 0 0 0 0 0 0 0
1 2 6 0 0 0 0 ■ 0 0 0 0 . 8
2 0 4 26 ’ 32 10 0 0 0 0 0 72
5 0 0 0 . 40 106 3 0 0 0 0 149
4 0 0 » 0 52 14 27 2 0 0 0 95
5 0 6 4 5 55 3 17 14 19 0 123
6 0 0 20 14 36 6 7 6 7 0 96
7 0 0 10 9 1 8 4 7 3 0 42
8 'CT 0 3 0 2 Q 0 2 0 0 , 7
9 0 0 0 2 18 3 6 11 1 10 51
TOTAL 2 16 63 154 242 ' 50 36 40 30 10 643
io OF TOTAL NUMBER OFF (FOR SHIP).
CODE 0 1 2 3 4 5 6 7 8 9 TOTAL
0 0,00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1 0.02 .0.07 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.09
2 0.00 0.04 0.29 0.36 0.11 0.00 0.00 0.00 0.00 0.00 0.81
3 0.00 0.00 0.00 0.45 1.19 0.03 0.00 0.00 0.00 0.00 1.68
4 0.00 0.00 0.00 0.58 0,16 0.30 0.03 0.00 0.00 0.00 1.07
5 0.00 0.07 0.04 0.06 0.62 0.03 0.19 0.16 0.21 0.00 1.38
6 0.00 0.00 0.22 0.16 0.40 0.07 0.08 0.07 0.08 0.00 1.08
7 0.00 0.00 O.ll 0.10 0.01 0.09 0.04 0.08 0.03 0.00 0.47
8 0.00 0.00 0.05 0.00 0.02 0.00 0.00 0.02 0.00 0.00 0.08
9 0.00 0.00 0.00 0.02 0.20 0.03 0.07 0.12 0.01 0.11 0.57
TOTAL 0.02 0.18 0.71 1.73 2.72 0.56 0.40 0.45 0.34 0.11 7.2
TABLE 11: Length (rows) v width (columns) for plate components which are
flame planed and hand burned,or profile cut.i.e. orthogonal .with 
 ______ intricate cutouts (4 ..2..,4..3..,4..4..,4..5,.,4..9..).________
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26.000 Ton Vessel
NUMBERS OFF (FOR SHIP),
CODE 0 1 2 3 4 5 6 7 8 9 TOTAL
0 6 0 0 0 0 0 0 0 0 0 6
1 0 0 0 0 0 0 0 0 0 0 0
2 0 1 10 50 0 0 0 0 0 0 61
3 0 0 24 1017 52 2 2 0 0 0 1097
4 0 2 20 45 10 11 6 48 1 0 143
5 0 d 10 34 . 7 13 ■ 14 6 2 3 89
6 2 4 8 78 4 1 9 13 15 6 140
7 1 2 3 0 0 2 12 7 4 0 31
8 0 0 0 0 8 ' 0 ‘ 5 7 0 20
9 0 0 0 0 0 149 1 0 36 0 186
TOTAL 9 9 75 1224 73 186 44 79 65 9 1773
'io OF TOTAL NUtffiER OFF (FOR SHIP) •
CODE 0 1 2 3 4 5 6 7 8 9 TOTAL
0 0.05 0.00 0.00 0.00 0.00 0.00 0,00 0.00 0.00 0.00 0.05
1 0,00 Ô.00 0.00 0.00 0.00. 0.00 0.00 0.00 0.00 0.00 0.00
2 0.00 0.01 0.08 0.39 0.00 0.00 0.00 0.00 0.00 0.00 0.47
3 0.00 0.00 0.19 7,90 0.40 0.02 0.02 0.00 0.00 0.00 8.52
4 0.00 0.02 0.16 0.55 0.08 0.09 0.05 0.37 0.01 0.00 1.11
5 0.00 0.00 0,08 0.26 0.05 0.10 0.11 0.05 0.02 0.02 0.69
6 0.02 0,03 0.06 0.61 0.03 0.01 0.07 0.10 0.12 0,05 1.09
7 0.01 0.02 0.02 0.00 0.00 0.02 0.09 0.05 0.03 0.00 0.24
8 0.00 0.00 0.00 0.00 0.00 0.06 0.00 0.04 0.05 0.00 0.16
9 0.00 0.00 0.00 0.00 0.00 1.16 0.01 0.00 0.28 0.00 1,44
TOTAL 0.07 0.07 0.58 9.51 0.57 1.44 0.34 0.61 0.50 0.07 13,7
TABLE lit Length (rows) v width (oolximna) for plate component a which are flame 
planed and hand burned,or profile cut,i,e^ orthogonal with intricate 
cutouts
14.000 Ton Vessel
hioo
n 80
h20
WIDTH
^0 SCALE.
Numbers of 
components.
h40
LENGTH
Histogram of numbers of components v length and width of plate 
components which are flame planed and hand burned,or profile 
cut.(table ll).
26,000 Ton Vessel
WIDTH
L l O O
-80
SCALE. 
Numbers of 
t^Q components •
-ZO
LO
LENGTH
Histogram of numbers of components v length and width of plate 
components which are flame planed and hand burned,or profile 
cut.(table 11).
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26,000 Ton Vessel
miBERS OFF (for SHIP).
CODE 0 1 2 3 4 5 6 7 8 . 9 TOTAL
0 20 0 0 0 0 0 0 0 0 0 . 20
1 102 6 0 0 0 0 0 0 0 0 108
2 0 361 58 209 0 0 0 0 0 0 628
3 0 1 11 . 91 39 38 0 0 0 0 180
4 0 1 22 51 53 70 . 31 2 0 0 250
5 0 0 4 5 . 2| 16 42 159 0 2 250
6 0 0 0 8 111 56 27 10 12 0 224
7 0 0 0 6 1 9 - 22 11 6 0 55
8 0 0 0 0 5) 0 10 2 0 17
9 0 0 2 0 0 16 0 18 97 0 133
TOTAL 122 369 97 370 226 210 122 210 117 5 . 1846
'io OF TOTAL NUMBER OFF (FOR SHIP).
CODE 0 1 2 3 4 5 6 7 8 9 TOTAL
0 0.16 0,00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0,00 0.16
1 0.79 0.05 0.00 0.00 0.00 0.00 0,00 0.00 0.00 0.00 0,84
2 0.00 2.80 0,45 1.62 0,00 0.00 0.00 0.00 0.00 0.00 4.88
5 0.00 0,01 0.09 0.71 0.30 0*30 0.00 0.00 0.00 0,00 1.40
4 0.00 0.01 0.17 Ô.40 0.41 0.54 0.24 0.02 0,00 0,00 1.79
5 0.00 0,00 0.03 0.04 0.17 0.12 0.33 1.24 0.00 0.02 1.94
6 0.00 0,00 0,00 0.06 0.86 0.44 0.21 0.08 0.09 0,00 1.74
7 0.00 0,00 0.00 0.05 0.01 0.07 0.17 0.09 0.05 0.00 0.43
8 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.08 0.02 0.00 0.13
9 0.00 0.00 0.02 0.00 0.00 0.12 0.00 0.14 0.75 0.00 1.03
TOTAL 0.95 2.87 0.75 2.87 1,76 1.63 0.95 1.63 0.91 0.02 14.3
TABLE 12* Length (rows) v width (columna) for profile cut plate components
i•e.non-orthogonal (47.,.).
3U
14,000. Ton Vessel
NTOIBERS OFF (FOR SHIP).
CODE 0 1 2 3 4 5 6 7 8 9 rOTAL
0 6 0 0 0 0 0 0 0 0 0 . 6
1 2 8 4 0 0 0 0 0 0 0 14
2 0 6 26 '51 2 0 0 0 0 0 85
3 1 0 28 115 34 0 0 0 0 0 178
4 0 4 , 0 4 171 30 29. 13 ■ 0 0
258
5 0 1 0 2 71 28 23 22 ' 18 0 165
6 0 0 0 0 37 26 22 28 16 0 129
7 0 0 0 0 4 2 6 15 12 0 39
8 0 0 0 0 3 2) 6 2 4 2 19
9 0 . 0 0 • 0 0 0 2 2 4 2 10
TOTAL 9 19 58 172 322 88 88 82 54 4 897
'fo OF TOTAL NUMBER OFF (FOR SHIP).
CODE 0 1 2 3 4 5 6 7 8 9 TOTAL
0 0.07 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.07
1 0.02 0.09 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.16
2 0.00 0.07 0.29 0.57 0.02 0.00 0.00 0.00 0.00 0.00 0.96
3 0.01 0.00 0.31 1.29 0.38 0.00 0.00 0.00 0.00 0.00 2.00
4 0.00 0.04 0.00 0.04 1.92 0.34 0.33 0.15 0.00 0.00 2.82
5 0.00 0.01 0.00 0.02 0.80 0.31 0.26 0.25 0.20 0.00
1.86
6 0.00 0.00 0.00 0.00 0.42 0.29 0.25 0.31 0.18 0.00 1.45
7 • 0.00 0.00 o.op 0.00 0.04 0.02 0.07 0.17 0.13 0.00 0.44
8 0.00 0.00 0.00 0.00 0.03 0.02 0.07 0.02 0.04 0.02 0.21
9 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.02 0.04 0.02 0.11
TOTAL 0.10 0.21 0.65 1.93 3.62 0.99 0.99 0.92 0.61 0.04 10.2
TABLE 12* Length (rowa) v width (columns) for profile cut plate components, 
i.e. non orthogonal (47.,*).
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14,000 Ton Vessel
_ 300
200
SCALE.
Numbers o f .
components.
- loo
U q
V/IDTII
Æ g /  ,
LENGTH
Histogram of numbers of components v length and width of profile 
cut plate components (table 12).
3k5
26,000 Ton Vessel
XriBTH
U.O
- 300
SCATiE.
- Zoo Numbers of
components.
- /oo
LENGTH
Histogram of numbers of components v length and width of profile 
cut plate components (table 12),
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NUMBERS OFF (FOR SHIP).
14,000 Ton Vessel-
CODE 0 1 2 3 4 5 6 7 8 . 9 rOTAL
0 2 0 0 0 0 0 0 0 0 0 2
1 3 55 94 0 0 0 * 0 0 0 0 152
2 6 160 105 96 0 0 0 0 0 0 367
5 0 0 26 80 56 0 0 0 0 0 162
4 1 0 ' 4 10 18 5 5. 2 •0 0 45
5 1 0 12 10 9 2 56 19 • 20 0 129
6 1 0 11 22 • 8 7 24 7 2 0 82
7 0 0 7 10 18 1 0 15 2 0 53
8 a 2 5 4 0 0 4 15 2 0 32
9 0 0 0 ; 2 0 0 0 0 0 0 2
TOTAL 14 217 264 234 109 15 87 58 26 0 1024
'io OF TOTAL NUMBER OFF (FOR SHIP).
CODE 0 1 2 3 4 5 6 7 8 9 TOTAL
0 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02
1 0.03 0.62 1.06 0.00 0.Ô0 0.00 0.00 0.00 0.00 0.00 1.71
2 0.07 1.80 1.18 1.08 0.00 0.00 0.00 0.00 0.00 0.00 4.13
3 0.00 0.00 0.29 0.90 0.63 o.op 0.00 . 0.00 0.00 6.00 1.82
4 0.01 0.00 0.04 0.11 0.20 0.06 0.03 0.02 0.00 0.00 0.48
5 0.01 0.00 0.13 0.11 0.10 0.02 0.65 0.21 0.22 0.00 1.45
6 0.01 0.00 0.12 0.25 0.09 0.08 0.27 0.08 0.02 0.00 0.92
7 0.00 0.00 0.08 0.11 0.20 0.01 0.00 0.17 0.02 0.00 0.60
8 0.00 0.02 0.06 0.04 0.00 0.00 0.04 0.17 0.02 0.00 0.36
9 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 6.00 0.00 0.02
TOTAL 0.16 2.44 2.97 2.63 1.23 0.17 0.98 0.65 0.29 0.00 11.5
TABLE 14% Length (rows) v width (columns) for flanged plate components 
(single and multiple flange). .
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26,000 Ton Vessel
mîBERS OFF (for SHIP).
CODE 0 1 2 3 4 5 6 7 8 9 TOTAL
0 4 0 0 0 0 0 0 0 0 0 4
1 2 8 21 0 0 0 0 0 0 0 51
2 1 11 48 279 0 0 0 0 0 0 339
3 0 3 27 284 17 0 0 0 0 0 351
4 0 5 34 85 160 23 5 9 • 1 0 522
5 2 2 19 82 10 1 4 8 2 4 134
6 2 4 2 10 8 0 2 3 18 3 52
7 0 2 3 0 0 0 1 1 47 48 102
8 -O' 0 0 0 0 O' 0 ‘ 6 2 0 8
9 0 0 0 0 0 0 8 2 12 0 22
TOTAL 11 35 154 740 195 24 20 29 82 55 1340
y» OF TOTAL NUMBER OFF (FOR SHIP).
CODE 0 1 2 3 4 5 6 7 8 9 TOTAL
0 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03
1 0.02 0.06 0.16 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.24
2 0.01 0.09 0.37 2.17 0.00 0.00 0.00 0.00 0.00 0.00 2.63
3 0.00 0.02 0.21 2.21 0.15 0.00 0.00 0.00 0.00 0.00 2.57
4 0.00 0.04 0.26 0.66 1.24 0.18 0.04 0.07 0.01 0.00 2.50
5 0.02 0.02 0.15 0.64 0.08 0.01 0.03 0.06 0.02 0.03 1.04
6 0.02 0.03 0.02 0.08 0.06 0.00 0.02 0.02 0.14 0.02 0.40
7 0.00 0.02 0.02 0.00 0.00 0.00 0.01 0.01 0.37 0.37 0.79
8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.02 0.00 0.06
9 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.02 0.09 0.00 0.17
TOTAL 0.09 0.27 1.20 5.75 1.51 0.19 0.16 0.23 0.64 0.43 10.4
TABLE 14t Length (rows) v width (columns) for flanged plate components,
(single and multiple flange),.
* —
14,000 Ton Vessel
ZOO
100
WIDTH LENGTH
SCALE,
numbers of
components
Histogram of numbers of components v length and ridth of 
flanged plate components (table I4 ).
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?6,000 Ton Vessel
WIDTH
_ 3oo
- z o o
I—  o
— lOo
LENGTH
SCALE,
numbers of
components
Histogram of numbers of components v length and width of 
flanged plate components (table I4 ).
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14,000 Ton Vessel
iroiffiERS OFF (FOR SHIP),
CODE 0 1 2 5 4 5 6 7 8 9 TOTAL
0 0 0 0 0 0 0 0 0 0 0 0
1 0 0 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0 0 0 0
4 0 0 ' 0 0 0 4 5' 0 0 0 9
5 0 0 0 0 6 4 15 14 ' 6 0 45
6 0 0 . 0 0 0 0 0 0 0 0 0
7 0 0 0 0 0 0 0 0 0 0 0
8 ' 0 0 0 0 0 0 ) 0 0 0 0 , 0
9 0 0 0 : 0 0 0 0 0 0 0 0
TOTAL 0 0 0 0 6 a 20 14 6 0 54
Vo OF TOTAL NUMBER OFF (FOR SHIP),
CODE 0 1 2 3 4 5 6 7 6 9 TOTAL
0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1 0.00 0.00 0.00 0.00 0.00 0,00 0.00 0.00 0.00 0.00 0.00
2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0,00 0.00 0.00
3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 . 0 . 0 0
4 0.00 0.00 0.00 0.00 0.00 0.04 0,06 0.00 0.00 0.00 0.10
5 0.00 0.00 0.00 0.00 0.07 0.04 0.17 0.16 0.07 0.00 0.51
6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0,00 0.00
7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TOTAL 0.00 0.00 0.00 0.00 0.07 0.09 0.22 0.16 0.07 0.00 0,6
TABLE 15* Length (rows) v width (columns) for swedged plate components.
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26,OCX) Ton Vessel
mffiERS OFF (FOR SHIP),
CODE 0 1 2 3 4 5 6 7 8 9 TOTAL
0 0 0 0 0 0 0 0 0 0 0 0
1 0 0 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0 0 0 0
4 0 .0 0 0 0 1 2 4 0 9 7
5 0 0 0 0 . 2 9 31 5 2 0 49
6 0 0 0 0 0 1 12 10 2 0 25
7 2 0 0 0 1 0 9 1 0 0 13
8 -O' 0 0 0 0 b 0 0 0 0 , 0
9 0 0 0 0 0 0 0 0 0 0 0
TOTAL 2 p 0 0 3 11 54 20 4 0 90
'9^ OF TOTAL NDlvffiER OFF (FOR SHIP).
CODE 0 1 2 3 4 5 6 7 8 9 TOTAL
0 0.00 0,00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1 0.00 0.00 0.00 0,00 0,00 0.00 0.00 0.00 0.00 0.00 0.00
2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0,00 0.00 0.00
4 0,00 0.00 0.00 0.00 0.00 0.01 0.02 0.05 0.00 0,00 0.05
5 0.00 0.00 0.00 0.00 0.02 0.07 0.24 0.04 0,02 0.00 0.38
6 0.00 0.00 0.00 0.00 0.00 0.01 0.09 0.08 0.02 0.00 0.19
7 0.02 0.00 0.00 0.00 0.01 0.00 0.07 0,01 0.00 0.00 0.10
8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0,00 0.00 0.00 0.00
9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TOTAL 0.02 0.00 0.00 0.00 0.02 0.09 0.42 0.16 0.03 0.00 0.7
TABLE 15* Length (rows) v width (columns) for swedged plate components.
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14,000 Ton Vessel
k2o
SCALE.
10 Numbers of 
components<
L - O
WIDTH LENGTH
Histogram of numbers of components v length and width of 
swedged plate components (table 15),
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26,000 Ton Vessel
h20
15
10
b
>-0
V/IDTH LENGTH
SCALE,
Numbers of
components,
Histogram of numbers of components v length and width of 
swedged plate components (table 1$).
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14,000 Ton Vessel
NTJltBERS OFF (FOR SHIP).
CODE 0 1 2 5 4 5 6 7 8 9 TOTAL
0 0 0 0 0 0 0 0 . 0 0 0 0
1 0 0 0 0 0 0 0 0 0 0 0
2 0 0 0 0 6 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0 0 0 0
4 0 0 0 2 1 5 4 0 ■1 0 11
5 0 i 0 1 0 7 9 4 5 0 25
6 0 0 0 0 2 5 10 6 4 0 . 27
7 0 0 0 2 0 5 9. 19 24 0 59
8 0 0 2 0 0 0 * 4 a 2 16
9 0 0 0 0 0 0 2 10 46 4 62
TOTAL 0 1 0 7 3 20 34 43 86 6 200
'io OF TOTAL NUlffiER OFF (FOR SHIP).
CODE 0 1 2 3 4 5 6 7 8 9 TOTAL
0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0,00 0.00 0.00 0.00
1 0.00 p.oo 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4 0.00 0.00 0.00 0.02 0.01 0.05 0.04 0.00 0.01 0.00 0.12
5 0.00 0.01 0.00 0.01 0.00 0.08 0.10 0.04 0.03 0.00 0.28
6 0.00 0.00 0.00 0.00 0.02 0.06 0.11 0.07 0.04 0.00 0.30
7 0.00 0.00 0.00 0.02 0.00 0.p6 0.10 0.21 0.27 0.00 0.66
8 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.04 0.09 0.02 0.18
9 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.11 0.52 0.04 0.70
TOTAL 0.00 0.01 0.00 0.08 0.03 0.22 0.38 0.48 0.97 0.07 2.2
TABLE 16: Length (rows) v width ^columns) for roll bent plate components,
(single and multiple roll,not crossing),.
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26,000 Ton Vessel
miBERS OFF (FOR SHIP),
CODE 0 1 2 3 4 5 6 7 a • 9 TOTAL
0 0 0 0 0 0 0 0 0 0 0 . 0
1 0 0 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0 0 0
3 0 0 0 2 0 0 0 0 0 0 2
4 4 0 4 2 0 0 0 0 0 0 10
5 0 0 4 8 1 2 0 0 0 0 15
6 0 0 0 6 2 13 16 8 3 0 48
7 0 0 0 0 2 12 22 24 6 0 66
8 -"O' 0 . 0 0 0 2 0 2 0 0 4
9 0 0 2 2 0 10 4 14 37 0 69
TOTAL 4 p 10 20 5 39 42 48 46 0 214
Yo OF TOTAL NÜ1ÎBER OFF (FOR SHIP),
CODE 0 1 2 3 4 5 6 7 8 9 TOTAL
0 0,00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0,00 0.00 0.00
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0,00 0.00 0.00 0.00
5 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.02
4 0.03 0.00 0.03 6.02 0.00 0.00 0.00 0.00 0.00 0.00 '
5 0.00 0.00 0.03 0.06 0.01 0.02 0.00 0.00 0.00 0.00 0.12
6 0.00 0.00 0.00 0.05 0.02 0.10 0.12 0.06 0.02 0.00 0.37
7 0.00 0.00 0.00 0.00 0.02 0.09 0.17 0.19 0.05 0.00 0.51
8 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.02 0.00 0.00 0.03
9 0.00 0.00 0.02 0.02 0.00 0.08 0.03 0.11 0.29 0.00 0.54
TOTAL 0.03 0.00 0.08 0.16 0.04 0.30 0.33 0.37 0.36 0.00 1.7
TABLE 16% Length (rows) v width (columns) for roll bent plate components,
(single and multiple roll,not crossing),
I»—'  ... — ■ — ■—   - ' -.... — —  ■ —..— — —  -------------- — ---  “
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14,000 Ton Vessel
SO
-3^
ZO
10
WIDTH LENGTH
SCALE. 
Numbers of 
components«
Histogram of numbers of components v length and width of roll 
bent plate components (table 16).
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26,000 Ton Vessel
L So
44
SCALE.
Numbers of
components
WIDTH
.20
■ 10
L.O
LENGTH
Histogram of numbers of components v length and width of roll 
bent plate components (table 16),
360
APPENDIX H
Detailed analysis of components comprising structure 
groups in proposed fabrication breakdown of S.D,14 
cargo vessel.
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Figure Type of component Description
11 Rectangular plate parts Histograms of numbers of compon­
ents for both length and width 
ranges (superimposed)•
2 Straight sided parts with 
at least one square corner
ditto*
3 Straight sided plate parts 
with no square comers.
ditto.
k Plate parts with one 
curved side
ditto.
,5 Plate parts with more 
than OID0 curved aide.
ditto.
6 Angle bar Histograms of numbers of compon­
ents within length ranges - with 
square ends and total (superim­
posed)
7 Bulb flat bar ditto.
8 Flat bar ditto.
9 Angle bar Histograms of numbers of compon­
ents within depth ranges - with 
square ends and total (superim­
posed) •
110 Bulb flat bar ditto.
11 Plat bar ditto.
12 Angle bar Histograms of numbers of compon­
ents having various forming oper­
ations for bars - with square 
ends and total (superimposed).
13 Bulb flat bar ditto.
14 Plat bar ditto.
15 Angle bar Histograms of numbers of compon­
ents having auxiliary features 
(holes and slots) - with square 
ends and total (superimposed).
té Bulb flat bar ditto.
17 Plat bar ditto.
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APPENDIX I
Program to define process routes 
from descriptive code number.
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TEST CARO 1 4700020321  00
•=a=sssss3a=33as3s3asss33s'saasass^sssit«
COMPONENT IS  PLATE 
003 SHOTBLAST 
PAINT
010 mark o u t c b y  hand
030 g u i l l o t i n e
IIS'SSSSSS = SS«SSSSSSS = = = S5B = = 3SSass:;3S3SSI
TEST CARD 2 4410020 344  00
Paasacaaass==sa 3353553533 = 35 3=3 3: saigagq
COMPONENT IS  PLATE 
003 SHOTBLAST 
PAINT  
010 mark OUT
020 f l a m e  p l a n e
OR PROFILE CUT 
032 k n u c k l e
PSS55555SSSaSsaaaaSS553553555535353^X5 5
TEST CARO 3 440H02R321 00
»8maaa3aaaa3*3aa3a33aa#aaaaaaaaa3aaa3aa
COMPONENT 13 PLATE 
003 3H0TBLA3T 
PAINT
010 mark  OUTtBT h a n d  
030 GUILLOTINE  
0s*33aaaBa8aasaa3 3S3aasaaasaaaaaaaaaaaa
TEST CARD 4 701 5020354  00
553553X55555X5 3 535X55555555555555555X55
COMPONENT IS  PLATE 
003 SHOTBLAST 
PAINT  
022 p r o f i l e  CUT 
032 KNUCKLE
PSSS3S3355553535XaasSSSXasSSBSXSXXX5 3 5 5
TEST CARO 5 050 0 3 2 0 3 6 5  00
■ Bs3 3sas33S333a3a3a33Baaa3aaaa«saa«aiaaa
COMPONENT IS  s e c t i o n
a n g l e  bar
SHOTBLAST 
PAINT  
MARK OUT 
CUT ENDS
is3555555335355555535355333555353535355
TEST CARD 6 0 70 0020 447  00
5535838555535555X53 5 3 5 5 5 5 5 5 5 3 5 5 5 5 5 3 5 3 5 5
c o m p o n e n t  IS  SECTION
c h a n n e l
SHOTBLAST 
PAINT  
mark OUT 
CUT ENDS
533535333533 33535538855 55855X555X555355
TEST CARD 7 4 71 5020 333  00
iex3 835385553833338533555353 3 5 5 5 5 5 5 3555
COMPONENT IS  PLATE 
003 SHOTBLAST 
PAINT
022 PROFILE CUT i
032 XNUCKLE
ouf>U7 p^acass ^ûuy£
â-£A/££^r/oA/
■ . 38L
APPENDIX J
Derivation of empirical formulae for plate 
component perimeters and areas*
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Empirical Formulae for Plate Component Perimeters and Areas
The estimation of shape perimeter lengths (ignoring holes 
and cutouts) is of major importance in the generation of metal 
cutting work content data. Shapes occuring frequently in the 
SD14 and B26 vessels have been fairly closely investigated but 
in many cases only rough estimating formulae have been derived 
for less frequent shapes. The estimation of area of components 
is of lesser importance as this will chiefly be used to allo­
cate relatively minor collective work content (i.e, raw 
material plate handling and painting) to individual components. 
However if accuracy of area estimation is possible then weight 
estimating systems may be evolved.
The dimension of perimeter is length and the dimension 
of area is length multiplied by lengthy where length is estim­
ated in both cases. Therefore perimeter estimate accuracy 
will automatically be greater than area estimate accuracy by 
a factor of four.
Components may be classified by descriptive shape code 
into three categories of perimeter shape and hence area;-
a) Absolutely defined shapes
b) Other shapes which occur frequently
c) Other shapes which occur infrequently
a) Absolutely defined shapes
1 Right angled triangle (code 4 1---)
{9^/o SD14, Q.efo B26)
Probable Shape
Perimeter
Area
Vf
A = tf L/2
2 Keetangle (code 42-— )
(30.3?^ 8014, 31 .2’A B26)
Probable shape 
L Vf 
Perimeter
Area
w
P
A
2(L + V) 
Vf L
b) Other shapes which occur frequently 
3 Four sided within rectangle (code 43--- )
(16.0?^ SD14, 7.4fo B26)
Probable shape
L =: W
X (0<x<L) is 
not specified
Perimeter
P = W + L + x +
W
+ (L - x)^
or P / = W/ + 1 + X y  +
/ï. / T / t
Graphs of P/L against W/L were drawn for x = 0, L/4, L/2, 
3L/4, and L, and are shown below
J93% Û/= f=ourJÙ^
o
O 2k JO0 2.
r A suitable line to fit these curves is P = ^  + 1*65V. 
Prom the graph the highest estimating errors resulting from 
this formula will occur when W = L and x tends to zero (a 
triang^le) and when W = L and x tends to L (a rectangle) « 
These errors are found to be 16.7?^ and S»7% respectively# * 
Various other cases were considered and the results are tab­
ulated overle,z.f
' 3o7
...  ■
V X ÿo error (of actual)
0.25L 0.25L 5.3
0.25L 0.5L 2.4
0.5L 0.25L 6.4
0.5L 0.5L 4.4
0.5L 0.75L 1 .3
L 0.5L 0.8
Area
A = VTx + V x ( L “ x)
2
Let W = nL, then
A = nLx + ^  (L - x)
2
»
at boundary conditions (x = 0, x = L) the area is given by 
A = WL/2 and WL respectively* Therefore a formula A = KVTL 
(o*5<)(<l ) will give an estimated area.Than tke relative.
error = estimate — actual = KnL — nLx - nL /2 + nLx/2
actual nLx + nL^/2 - nLx/2
= L (2K  -  1) - X 
L + X
Graphs were plotted { of error against x for
values of K. The best value of K was found to be K = 0.65
which gives maximum errors of + 30ÿ^  and «35?^  when x = 0 and 
X = L respectively,
A = 0.65 WL will give the best estimate
I
so
40
ZÙ p*
*£
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4 More than four sides with one square corner (code 47---)
(12.2^0 SD14, l6,2fo B26)
Probable shape 
L V
This shape is less easily 
defineable using the des­
criptive code.
Perimeter
From an analysis of the SD14 vessel 92.5^ of components 
having this shape have an h/W ratio between 0,3 and 1, there- 
fore these were accepted as the boundary conditions. The 
boundary conditions of the shape will Le a triangle and a 
rectangle, as for the previous shape category, A graph of 
P/L against W/L for these boundary conditions was drawn and 
is shown below.
W
h
32 5 %  04-
a s .
— ,
W
Prom the graph a suitable straight line to fit these 
curves is P = 2L + 1,65 V, However on testing this formula 
for a sample of 12D components (Fore-end, SD14) it was found 
that P a 2L + 1,3W gave a more accurage result. This implies 
that the majority of these components were nearer triangular 
than rectangular in shape,
389
Area
The estimate of area will be less than that for components
whose shape code is 43--- (0.65WL) but greater than that for a
triangle (0.5WL) The formula A = 0.6WL will therefore result 
in a reasonable estimate.
5 One side curved - two sides straight (code 70---)
(l0.9fo SD14, B26)
Probable shape 
L siSs X
The majority of components having 
this shape will be found perpen- \f 
dicular to the shell of the ship, 
particularly in the bilge region.
Perimeter
From a sample of 219 plates (SD14 total) the L/W matrix 
for this shape is shown in figure 1. In 96.5^ of the sample 
the L/W ratio was between 0.3 and 0.8, typical outlines were 
constructed for these and intermediate values and the peri­
meters measured. A graph of P/L against W/L is as shown
L
A suitable straight line for this curve is P = 1.9L + 1.4V 
and from the graph the maximum error will occur when V/L =0.5 
and is found to be 3.7?^ . Other errors in the derivation will 
occur from the construction of the shapes (figure 2)
390
Area
The areas of the typical outlines (figure 2) were measured 
and a graph of A/L against W/L is as follows :-
Û • 6
A suitable straight line to describe this curve is 
A = 0*77 WL which gives an error of + 10% at W = 0.4L and -5% 
at W = 0.8L.
6 One side curved - greater than two straight (code 71---)
Probable Shape 
L W
The majority of components having 
this shape will be found perpen­
dicular to the ship, particularly 
in the bilge and fore mid aft end 
region
(4.3% SD14, 21.2% B26)
(0< X < L)
X
W
L
591
Perimeter
Prom a sample of 539 plates (total SD14) the L/V matrix 
is as shown in figure 3. Typical outlines were constructed 
for X = L/2 with increasing values of W/fig 4), The outlines 
were measured and a graph of P/L against \f/h is shown below.
%
•35-
A suitable straight line to describe the curve is 
P = 2L + 1,5V with the maximum errors being 1.5^ and 5% at 
V/L = 0.4 and 1 respectively* Additional errors will occur 
due to the construction of the curves and variation of x«
An indication of the latter error was found by letting V = L/2 
and varying x. The curves were drawn and measured as before 
and the errors were as follows
x 0 . 0.25L 0.5L 0.75L L
Error 3% 2.2fo 0.7^ 09^0 8*3^
Area
The areas of typical outlines were measured and a graph 
of A/L against W/L for x = 2 is shown overleaf.
392
Û -7 •
A suitable straight line to describe this curve is given 
by A = 0.84 WL which gives an error of 0.6?^  and 6$^  at W = 0.5L 
and L respectively. The boundary errors for the plate shape 
(at X = 0 and x = L) with W = L/2 were found to be 229^  and \2°/q 
respectively.
c) Other shapes which occur infrequently
7 Three sided with no square corner (code 40---)
(0.296 SD14, O.59& B26)
Probable shape
The boundary conditions occur when 
A = L (if a > L  then L is not the 
largest size)
Perimeter
The graph below shows P/L against W/L for x = L/2 
A suitable formula from the graph is P = 1.7 L + 1.55
L
393
i  I
%
0 2
Errors at boundary conditions (a = L) for varying values of W 
were found.
w L/4 l /e 3L/4 L 3/4
: a L L L L
Error 16?5 5.3# 3.8# 1.3#
In all nine cases found in the Sl)14 V/L was greater than 0,3 
Area
The area of the shape is given by A = VTL/z , This is an 
absolute (not empirical) formula,
8 Four sides and no square corner (code 44---)
(7.7# 8D14, 3.2# B26)
Probable shape 
L ==:W
Perimeter U
A formula P = 2L + 1,3W based on that for four sided
within a rectangle (code 43---) was tried on a sample of
98 components (fore-end SD14) It was found to give an over­
estimate of 4.5# on components having this shape resulting in 
a 0,5# overestimate for the whole structure block.
3 %
Area
The areas at the boundary conditions are A = 0.5WL 
(triangle) and A = 0.65WL (four sided within rectangle).
A formula A i= 0.58 VL will therefore give a rough estimate 
of the area.
9 Pour sides with one long side (code 46---)
(0.2# 3D14, 0# B26)
Probable shape
Perimeter
5#A formula of P = 2L + ¥ results in a underestimate
for the five components having this shape found in the PE and 
DBE structure groups of the SD14.
Area
The areas at the boundary conditions are A = 0.5WL 
(triangle) and A = ¥L (rectangle). By definition, however, 
this shape will resemble a triangle more than a rectangle and 
therefore A = 0.6WL will give a reasonable estimate.
10 More than four sides - no square corner (code 48---) 
Perimeter
Similar to four sided with no square corner (code 44---)
a formula P = 2L 4 1.3¥ results in an underestimate of 0.5^ 
on the total component perimeter of the SB14 fore-end.
Area
An estimate of A = O.SLVf will result in a reasonable over­
estimate as nesting of these parts is more difficult and material 
will be 'wasted*
11 Many sides curved (code 72---)
(2.6# SD14, 2.6# B26)
Components having this shape fall into two categories, small 
covers and larger bulkheads.
395
a) Small covers will be round or 'eliptical' 
Probable shapes
Perimeter
For the circle P = IIVT and for the *elipse* P = IIW + 2 (L - V)
However P = IIV 4* 2 (L - W) is applicable to both cases (L = W
for circle)
Area
For the circle A = llW^/4 and for the 'elipse' A = llVT^/4 + W(L-VT)
Again A - llW^/4 + V (L -W) is applicable to both
b) Larger components are less easily defineable. The pro­
bable shape will vary with structure group but typical outlines 
are shown below.
Cü^ \Jâ:Ù ^ ^7/0/0 ÙF 
Perimeter
ù£CK
âsu^ser
C>S:CU^ cA7}E
ûy H/TfCH yfF/Jh Cary\j£.î:>
A formula P = 2L + 1 *5VT gives an underestimate of 2.8^ on the 
perimeters of 26 components having this shape found in the fore­
end of the SHI 4.
Area
A formula of A = 0.85WL will in moat cases result in an over­
estimate but again frequency is small and nesting is difficult. 
Therefore an overestimation of area is justified.
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APPENDIX K
Programs to estimate plate component perimeters 
from descriptive code numbers*
401
FORTRAN IV G LEVEL 21 MAIN ÜATÊ a 75035
0001
0002
0003
0004
0005
0006 
0007 
0006 
0009
0019
00&1
0012
0013
0014 
0016 
0016 
0017 
0019
0019
0020 
0021 
0022
0023
0024
0025 
0029 
0027 
0029 
0029 
0039
0031
0032
0033
0034
0035
0036
0037 
0039
0039
0040
0041
0042
0043
0044
0045
0046
0047 
0049
0049
0050
0051
0052
0053
0054
0055
INTEGER B 
. DIMENSION BCÏ0),CCÎi)
010 READ(S,P0,ENDa30Ü)A,NBLnc,NHNiT,B,NOFF,THK,C 
020 F0%MAT(2%,Al.Il,IÏ,i3X,Î0Il,ix,I3,lX,F4.1,32X,llAl) 
IFCNQLOr.NE. DGO TO 10 
CPaO 
OU0 
D2a0
IFfR(Q);EO;0)Dl3250 
IF(6(9],20,1)01=450 
IF(B(0)£{3.2)01 = 800 
IF(R(9),£0,3)01=1250 
IFfBCQ),£0,4)01=1600 
lF(m(9),£0.5)01=3250 
IFCB(O) £0.6)01=5000 
IF(R(9),£0,7)01=6750 
IF(BC9).£0,6)01=8250 
IF{BC?)'.pO.9)01 = 11000 
IF(A(101,EÜ,W)D2=2W0 .
IF(8(10),£0,1)02=375 ^
IF(B(10),£0,2)02=525 
' IF(R(18),E0,3)02=750
IF(B(10).£0.4)02=1050 
IF(8(lO)^£o)5)D2=i400 
iFfBf10),£0,6)02=1800 
IF(B(10),£0,7)02=2250 
IF(A(10),£0.8)02=2750 
IFjtBfïO; .Ep'.9)Û2a3Q00 
1F(BC1),NE.4)G0 TO 100 
IF(B(2) £O,0)CP=i.f.DÏfT.55*O2 
IF(8(2),EO.l)CP=DlfD2+(ni«*2+O2#*2)*,0.5 
' %F(B(a),E0,2)CP=2*(Dl+D2)
IFfB(2),E0,3)CP=2*01tl.65*02 
IF(B(2),EQ.4)CP=2*01t1.1*02 
IF(8(?).EQ.6)CP=2*01t02 
IF(B‘C2)'EQ,7 )CP = 2i»0lt 1.3*02 
IFCRC2).E0.n)CP=2*01+1.3*02 
_ GO.TO 200 . . .
100 IF(8(1),NE,7)G0 TO 10
IF(A(9),LT,1)G0 TO 40
JFj:B.(2),LT,2)G0 TO 50
IFCBC2),lT.3)G0 TO 60 "
GO TO 200
IF(8(9)^LE,2)CP=3.Ï4*01+2*(01-D2) 
IF(R(Q).GT.2)CP=2*01+Ï.5*D2 
GO TO 200 
CPa2*0l+1.5*D2 
GO TO ?00 
CP=2*0l+i.41*02
WRXTE(6,301C«A*NüLQC.NUMIT#R,NOFF. THK.r’l,D2»CP 
FORMAJCPX.IIAI#Al,Il,Il.2X,Î0I1.2X,lJ,2X,F4.1, 
C2X,F9.2.2X.F9.2,F12.2)
PUNCH 70,CiA,NüLOC,NüNIT*R,NOFF,lHK,rp 
070 F0RMAT(2X,llAl#AÏ.n,Il.iX, Î0tl,lX,»3^lX,F4.1,lX,F12.2) 
60 TO 10 
300 STOP
Td £^T/^//7TE EOA^/hA/£A/T
060
050
040
200
030
402
ENTRY POINTS M üw u moiîü
C L ù H p a f^ £ . r / r 1 C.OCicL |/v% VTHiCK-’ A/'/ü/ / / £SnP^ }'fâ.ùi
V A^£/a T3^/Q 1 \D /=/= 1 /V/V M M
OBEC0921A1 42D522047S 1 12,5 6750^00 f 400.00 16300.00
u
DBEC0471A1
D B E C 0 5 8 U I
4200020544 
, 4205020544
2
2
16.0
18:0
1600,00 
1600,3j
1050.00
1050.00
5300.00
5300.00
OBEC045î,Ai 4205020544 4 16.0 1600,00 1050.00 5300.00
V
0BECÎ4Ï1A1 4200320523 1 Ï 8 > 600.J0 750.00 3100.00
DBEC1401A1 4205020524 g. 16.0 600,Or 1050,00 3700.00
0BECÎ391Al 4205020523 2 16,0 ÜOjC'O _750,00 3100.00
• L,
DBEC1381A1 4205020524 2 18,0 54r’,00 1050.00 3700,00
DBEC0461A1 4205020523 2 16,0 ,08,00 750,00 3100.00
0BECÏ341A1 4205020524 2 16.0 {*00,08 1050,00 3700.00' DBEC0601A1 4205020523 2 16,0 600,00 _750.0O 3100.00V PBECÏ35;ax 4205020524 2 16.0 600,00 1050.00 3700.00
DBEC0901A1 , 4200020484 2 12.5 8250^00 1050.00 16600.00
0BEC1331A1 4209020523 1 18.0 600,00 750.00 3100.00
V OBEC0951AJ 4205320675 2 25*. 5 8750,00 1400,00 16300.00
DBEC0381A; 4200020543 2 16.0 1000,00 750.00 4700,00
i , DBEC0381Â1 4205020543 .2 16.0 Ï60O,O0 750,00 4700.00
! V DBEC0371Â1 4205020543 H 16.0 1600,00 750.00 4700.00
D8EC0371A1 4205020543 1 16.0 ^600,00 750,00 4700.00
> V
DBEC0981A1 4200320675 2 25.5 4750,00 1400,00 16300.00
DBECÎ291A1 f 102020445 2 12.5 1600,00 1400,00 5300.00
i OBECtSBlAl 7102020445 2 12.5 1600,00 1400.00 5300.00
! V
O B E C 0 0 U A 1 , 7105020445 2 10,5 1600,00 1400,00 5300.00
DBEC0OIIA1 7105020445 2 10.5 1600,00 1400.00 5300.00
j OBEC0011A; 710*020445 2 10,5 1600,00 1400,00 5300.00
f DBEC0U51A1 7102020445 2 12,5 1600,00 1400.00 5300.00
! DBEC0W51AI 4202020445 2 12,5 1600,00 1400,00 6000.00
i DBEC00Ï1À1 4205320445 2 10,5 1600,00 1400.00 6000.00
OB£Ci001Al 7105220475 2 10.5 4750,00 1400,00 15600.00
1 V , DBEC1311A1 7000020445 2 12,5 1600,00 1400,00 6174.00
OBEC0741A1 7100020423 2 12.5 800,00 750,00 2725.00
DBEC1301A1 7000020455 - 2 12.5 3250,00 Ï4O0.00 8474.00
DBEC0271A1 7005020455 2 10,5 3250,00 1400.00 8474.00
OBEC0261A1 7105020455 2 10,5 3250.00 1400,00 6600.00
DBEC0251A1 7105020455 2 10.5 3250^00 1400,00 8600.00
DBEC024;Ai 7000020455 2 12,5 3250,00 1400,00 8474.00
O B E C 0 2 3 Û I 7000020455 2 12.5 3250,00 1*400,00 6474.00
DBEC0221A1 7005020455 2 10,5 3250 00 1400,00 8474.00
L. OBEBA0IIAI 4700020300 . Ô 18.0 258,00 200.00 760.00
DBEC0911A1 a 4605200595 1 13.0 11000,00 Ï4O0.00 23400.04 —i D8EC0891A1 2 4200020464 2 12.5 5000,00 1050,00 12100. ,0
>' 1 Vy OBEC0711A1 2 4205020523 2 16,0 "600,00 750.00 3100.00
OBEC0561AI 2 4205320523 2 16,0 600,00 750,00 3100.07
QBEC0691A; 2 4205020523 2 16.0 600,00 750,00 310J.0O
■wV DBEC0551A1 2 4205020523 2 16.0 800,00 750,00 3 U 0 . 3 0
/ P B E C 0 6 0 U A 2 4205020523 2 18,0 800,00 750.00 3100.00
PBEC054&A1 2 4205020523 2 16,0 600,00 750,00 3100.00V OBEC0671A1 2 4202020523 1 18,3 80 0 ,0 0 750,00 3fC0 .0Û
OBEC0661A1 2 4202020523 1 16.0 60 0 .0 0 750.00 . 7 1 0 0 . 0 0
D u t  P a r  ù p  £ST/U/rr£D P/l p t S  pE/e/AfEîr^/e s
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JGJl
JG02
J833
J1J4
33J5
3935
9337
3308
0039
0310
0311 - 
0912 
0313 
0014
3315
3316 
3017 
oaia
0019 -
0020
0921
0022
0023 ^
0024 
0 0 2 5 -
0025
0327 -
0328 
0029
'0330
0031-
0332
0333
0034 
00 3 5 -
0036
0037
0038 
0^39-= 
0340- 
0041-^ T 
0042 - 
- 0 0 4 3 -
0044 -■
0045 _  
0044
0047
0048 
0049-.-. 
0353-  - 
0951 . 
0052 
.0353 — 
0054
0035 
0956
010
023
030
040
200
213
223
INTEÜf-2 ü
OlHÇNSlnri 4<î ' ‘ î f 3 (10} »rjf ï ï l  .T ES Tp h i  ) » TACrp(
DP 10 U i . i l
N d l a f l
TESTPfn = 9
TACTP(Iîb0 • -  - - — - f -
CONTINUF ■ , • ■
REAP(5, I O . eNqsSOOÎÂi 3,;jnFF, F3TP, ACTP 
f ormatCPX,1 4 A U I X . 1011 , Î X . i 3 , 6 X . F l 2 . 2 , I X . F Ô .  
EPRORnACTP-rPSTP 
PERROflsFRRQR*lü0/ACTp
WRlTEf6.69ïA,fl ,NOFF,ERTP,Âcfp,ERR0R.?ERR0R 
f ormatCp x , 14 A l . I X , 10 11 , Ï X . I 3 , l X . F a , 2 , 1 X , F 8 , 2  
I F ( 8 ( !  ) ,EP.7)GQ TO 300 - - - - .
IF iB (2 ) ;E Q ,0 )G a  TO 200   - — ________
I F ( 8 ( 2 ) . E P . 1 } G 0  TO 210
IF(3 (2}^ EP .2}G0 TO 220 __ __________
IF £BC2),E0,31GÜ to 230 -  ----
. I F £ B C 2 ) , £ 0 ,4 ) 00  TO 240 . __
IF£9C2) .E0.4 ÏG0 TO 250 -  ?.'iv 
IF£PC2) ’.£0.7)GO TO 240
IFC0C2Î .EO.fl)GO TO 2 /0  :
-GO TO. 20 - ...... ..........
TESTPf UaTEStPCf )+NOFF*f STP 
r.TAÇTPa)BTACTPCl)+NQpF*ÂCTP.
' N ( 1 ) : N ( I )  + N0FF
.GO- TO , 20 - ,------- ____________
TeSTpf2)sTESTP€ai+M0FF*F3TP 
-TACTP(2 î 5TaCTPC2Î^UQFF*ÂCTP 
N(2T=N(2)*N0FF - — -
.GO-TO 20
11}
2}
. 1 X . F 8 . 2 . 1 X . F 5 . 1 )
233
240
250
263
270
TESTPt3) = TESfP{3î+N0FF*FStp’ 
^TACTP(3}aTACTPC3)+N0FF*ÀCTP-,__ 
N(3)aN(3)+N0FF —  -
GO TO 20 .............
T£STPf41=T£8TP(4 ) +MOFF*f StP 
.TACTP(41=TaCTP(4)+N0FF*ÂCTP
N(4)aN(4)+N0FF  - i
-GO-, TO. 20 -  , -------
TESTP(5}=TeSTP(5)+N0FF*FSTP 
,TACTP(5Î sTÂCTP(51+NQFF*ÀCTP-
NC5}sN(5) + f40FF  -------
GO .T û ,20
0357
3058
0359
0060
0361
9362
0363
0064-
0055
00Ô6 ■
0957.
U368
0059
0370
Ü371
0372
03/3
0974
3975
0976
J.‘. /7
09 /9
303
310
320
330
000
05J
0 40
TESTP(6} = TESfPC6)+N0FF*Fsfp 
-TACTPC61=TaCTPC6)+N0FF*ÂCTP.—
NC6îaNC6î+l>|0FF  ----------
• GO.TO,23
TESTP.(7}3Te STP(7)+N0FF*f STP 
.,TACTP(7.1=TaCTPC7)+M0FF*ÂCTP—  
-N C7î sN £7} +NPFF .feMi
GO TO. 23 .. . ____
TESTPf8)sTESTPC8)+NPFF*FSTP 
-TACTP(9)3TACtPC8)tNQFF*ÂCTP 
Nfaî=N(a)+-jOFF '1
IF £ B C 2 ) EO. 3 ) GO ■ to" 310 '
. IF£B£ai .EP.UGO.TO_323 _______
IF£B£2) :E0 .2 )G0 TO 333 
GO TO.23 . . -
TE3TPf9}sTESTPC9)+M0FF*FSTp- 
-TACTPC9}3TACTPC9j+N0FF*ÂctP -  
N£9)aN£O)+N0FF - -  
GQ-TO 23
TESTPfl3)afESTPfl0)+HnFF*FStP  
.TAÇTP(l33aTACTPtl3)+NPrF*ACTP 
Ntl3)aM£ 13)*M0FF -
GO TO 23 . ..........
TESTPf i n a l F S T P f  U)+NnFF«EStp
TACTP£ insTACTP£l l) t - f inFF**CTP
M£l l )=Nf i î ]+NOFF
GO TU 23 .
H R l T E f ô . 5 9 ) ( M £ l ) . I s l , i n
FORHaT C U H S }
WRïTE(â,43) ( T E S T P f l î . T a l . i n  
H R I T E C 6 . 4 0 ) f T 4 C T p ( i î , î s i ,  i l )  . 
formatc f I F Î O . 3) -
3TJP _ , , ,ENQ ■ -- - rv-= i.-- .-7-
r b  ao/rpg^s EST/zy r^mih Pa/13 Peurg/JL
PLP7£ E oM P o/V£a/T OUTL/f^E PÆP/A/ET£^S
- -
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(LùPP ûAJ£JVT
/\/u h E e /1
F--
C c>l3£
/va/r/&£Æ
Actupc-
ùPF PizAt/^ £7£Æ
EsrjWTrü
PEAJ/^ £7£/^
'e P E û /2 %
* D ÜE C 0901A1 1  
O D E C 0 9 2 U 1 1
' D 0 E C 0 4 7 1 A 1 1  
D Ü E C 0 5 8 U I 1 
D B E C 0 4 5 1 A I Ï  
O O E C H U A l i  
' D B E C M f J l A U  
O b E C l 3 « ) l A l l  
D Q e c i 3 8 1 A U  
O B E C 0 4 6 1 A U  
.. D B E C i 3 4 l A 3 l l
V D 3 E C 0 6 0 1 A I Ï
DBECÏ351AU 
.D3EC0951AU 
OBEC0381An 
, O B E C 0 3 6 1 A n *  
OBEC0371A^1 
,O0EC0371A1Ï 
/OüEC09fll A Ü  
,DOEC0051A],1 
v0QEC00UAli 
,OQEC0891Ai2 
,DBEC0711A12 
vDBEC0561Ai2 
-/DBEC0Ô91A1,2 
DQEC0581A12 
'D8EC0681A12 
vDQEC0541Ai2 
.D0EC0671A12 
-.DOEC0661A12
V DB E C 0 5 3 1 A 1 2  
, O & E C 0 6 5 l A i a
V D O E C 0 5 2 U 1 2  
. D B E C 0 6 4 1 A 1 2  
D B E C 0 S U A 1 2  
. , D B E C 0 6 U A 1 2  
- V-DBEC0721AJ.2  
. D B E C 0 4 7 1 A 1 2  
• ; b B E C 0 4 7 l A l 2  
D B E C 0 5 8 1 A 1 2  
. D B E C 0 4 3 1 A 1 2  
-DQEC0481A)^2  
/ DBEC0 3 7 1 A%2  
- ÔBEC0 3 6 1 A1 2  
VOBEC0421A12  
- O B E C 0 3 9 1 A 1 2
• vOBEC0941Al2
4200020483 2
4205220475 1
4200020544 2
4205020544 2
4205020544 4
4200020523 i 
4205020524 2
4205020523 2
4205020524 2
4205020523 2
4205020524 2
4205020524 2
4205020523 2
4205320075 2
4200020543 2
4205020543 Z 
4205020543 \\
4205020543 1
4200320675 2
4202020445 2
4205020445 2
4200020464 2
4205020503 2
4205020523 2
4205020523 2
4200020523 2
4205020524 2
4205020523 2
4202020523 I 
4202020523 1
4205020523 2
4205020523 2
4205020523 2
4205020523 2
4205020523 2
4204020524 2
4200020522 2
4204020544 l
4200020544 3
4205020544 2
4203020534 2
4200020434 2
4205020542 7
4205020542 3
4200020533 I 
4205020433 J. 
4204220695 %
8000.00
Î6300.00
6100100
6100,00
6 1 0 0 . 0 0
3103.00
3700.00
3100.00
3700.00
3100.00
3 7 0 0 . 0 0
3700.00 
_3Ï00^00
16300.00
6500.00
6500.00
6500.00
6500.00 
Ï6300.00
6800.00
6800.00
123,00.00
3100.00
3100.00
3100.00
3100.00
3700.00 
3100^00
3100.00
3100.00 
3l00lo0
3100.00
3100.00 
310O'.00
3100.00
3700.00 
2Q50.O0
6100.00
6100,00
6 10 0 . 00
4600.00
4 6 0 0 . 0 0
6050.00
6 0 5 0 . 0 0
4 0 0 0 . 0 0
4 0 0 0 . 0 0  
24800J.O0
7400^00
15000.00
5000.00
5000.00
5000.00
3300.00
3600.00
3300.00
3600.00 
3400^.00
3400.00
3400.00
3300.00
16000.00
4100.00
4100.00
4100.00
4100.00
Î6000'.00
7100.00
7000.00
11800.00
3400.00
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3600.00
3200.00
3600.00
3200.00
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3300.00
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3600.00
3100.00
3700.00
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4800.00
4500.00
4100.00
4100.00
4300.00
4200.00
21400.00
"600.00 
"300.00
"î100,00
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" 1100.00
200,00 
" 200.00 
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300.00 
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"300 « 00
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100.00  
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APPENDIX L
Weld times derived from Welding Institute Standard 
Data.
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Note
The programming in this appendix, although functional, is inefficient. 
Subroutines F^ VLDOI, FWLD02, FWLD03, FWLD4A-, FliYLDit.5, and FWLD46 can be re­
placed by a single subroutine (say FWLD) as shown.
SUBROUTINE EWLD (IA119,T1,N)
DIMENSION IA119(4 0), BLOCK (lO,6)
COMMON BLOCK 
K = 27
IE (N.&T.3) K= 28 
T1= BLOCK (IA119(k )4-1,N)
RETURN 
END
This would be called from the main program by statements of the form 
CALL EWLD (IA119,T1,N) where;-
N = 1 for previous FWLD01 j
N = 2 " " EWLD02
N = 3 ” ” FWLDO3
N= 4 " ” WLD44
N= 3 " " EWLD45
N 6 " FWLD46
BLOCK is a data block common to the main program and subroutines and 
which represents times for joint lengths. It would take the form
T10 T11 T12 TI3 TI4 TI5 T16 TI7 T18 TI9
T20 T21 T22 T23 T24 T25 T2Ô T27 T28 T29
T30
T40 ETC,
T50
T60 -- ^
Where TNm la the weld time for the length code range m formerly incor­
porated into the subroutine which is now represented by N. (i.e. TIO 1.8 mm, 
found in. former subroutine EWLD01)
This method has several advantages
1 It reduces the number of programming statements by about 200
2 It allows easier alteration of time data in the program
3 It allows further subroutines to be added easily as time data
becomes available
4 The program need not be recompiled for different applications if 
BLOCK is held as a separate data file.
I would like to thank Dr. J. Latham, University of Glasgow, for his 
time and effort in advising me in this matter.
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APPENDIX M
Program to estimate assembly work content from 
descriptive code numbers of components.
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